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PROBLEM TO BE SOLVED: To obtain a structure containing 
external terminals of a ball grid array type or a similar type that 
enables the miniaturization of devices and the reduction of the 
manufacturing cost. 

SOLUTION: This semiconductor device includes an integrated 
circuit chip 10; a chip carrier 20 having connecting terminal 
electrically connected with the chip 10 and bump-type external 



terminals 22 electrically connected with the connecting terminals; 
and a connecting body 44 for electrically connecting the terminals 
on the chip 10 and the connecting terminals on the chip carrier 20. 
The bump-type external terminals 22 and the connecting body 44 
are made of the same bump material. Here, a resin layer 46 to tack 
the chip 10 to the chip carrier 20 is formed between the chip 10 and 
the chip carrier 20. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The chip carrier which has the external terminal of the bump mold electrically connected to the terminal 
for connection connected to a semiconductor integrated circuit chip, said chip, and an electric target, and said 
terminal for connection. The connection object for connecting mutually the terminal of said chip and the terminal for 
connection of said chip carrier electrically is provided. The semiconductor device characterized by filling up with the 
fixed object for said bump type of external terminal and said connection object of each other being constituted by 
the bump ingredient of the same kind, and fixing said chip to said chip carrier between said chips and said chip 
carriers. 

[Claim 2] The semiconductor device according to claim 1 characterized by preparing the terminal for a test used for 
rt when testing said chip to said chip carrier. 

[Claim 3] claim 1 characterized by said chip carrier being a resin system substrate, and claim 2 — a semiconductor 
device given in either. 

[Claim 4] For this resin, said fixed object is [ the range whose coefficient of thermal expansion said bump ingredient 
is chosen from an ingredient with that melting point lower than the heat-resistant temperature of said resin system 
substrate, that glass transition temperature is lower than the melting point of said bump ingredient including resin, 
and is 20 ppm/degree C - 75 ppm/degree C, and Young's modulus ] a semiconductor device given in claim 1 
characterized by being chosen out of the thing in the range in which it is SOOOPa - 9500Pa thru/or claim 3 any 1 
term. 

[Claim 5] After carrying out melting of the connection object for connecting electrically the terminal prepared in the 
semiconductor integrated circuit chip, and said terminal for connection prepared in the chip carrier. The process 
which is made to solidify said connection object and connects said chip and said chip carrier electrically mutually. 
Melting of the fixed object for fixing said chip to said chip carrier is carried out. The process which is made to 
solidify said fixed object and fixes said chip to said chip carrier after making the space between said chips and said 
chip carriers fill up with said fixed object The manufacture approach of the semiconductor device characterized by 
providing the process which forms the external terminal of the bump mold electrically connected to said terminal for 
connection at said chip carrier. 



[Translation donej 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an approach to assemble the semiconductor device of a ball grid 

array moid, and the semiconductor device of a ball grid array mold. 

[0002] 

[Description of the Prior Art] Drawing 35 is the sectional view of the semiconductor device of the conventional ball 
grid array (Ball Grid Array:BGA) mold 

[0003] As shown in drawing 35 , there is a semiconductor integrated circuit chip 1 and this chip 1 is being 
electrically connected to the chip carrier 3 by the pewter bump 2. The pewter bump 2 electrically connected to the 
chip carrier 3 is electrically connected to the electrode 4 of a bump mold through wiring which is prepared in the 
chip carrier 3 and which is not illustrated. Thereby, a chip 1 is connected to the electrode 4 of the pewter bump 
mold which is functioning as an external terminal. Since the electrode 4 of a round bump mold is arranged in the 
shape of a matrix at the rear face of a chip carrier 3. this kind of equipment is called the ball grid array mold. 
[0004] The semiconductor device of such a ball grid array mold can be said to be one of the land grid arrays (Land 
Grid ArrayiLGA). The semiconductor device of a land grid array mold is a semiconductor device which arranged the 
pad as an external terminal in the rear face of equipment and was made to correspond to the demand of the 
formation of a many-items child instead of a lead as an external terminal. 

[0005] The advantage of the semiconductor device of the ball grid array mold belonging to the semiconductor device 
of such a land grid array mold is that the external terminal and the mounting circuit board which is not illustrated are 
connectable only by melting the electrode 4 of a pewter bump mold. With this advantage, the semiconductor device 
of a ball grid array mold is known as equipment with easy mounting. 

[0006] Now, although the semiconductor device shown in drawing 35 is one example of a ball grid array mold, the 
description is in making electric connection between a chip 1 and a chip carrier 3 by the pewter bump 2. Usually, a 
chip 1 and a chip carrier 3 are electrically connected by the bonding wire. 

[0007] However, if a chip 1 and a chip carrier 3 are electrically connected by the bonding wire, magnitude of a chip 
carrier 3 must be made quite larger than the magnitude of a chip 1. 

[0008] With the equipment which shows such a problem to drawing 35 , it replaces with a wire, and by connecting a 
chip 1 and a chip carrier 3 by the pewter bump 2, magnitude of a chip carrier 3 is made almost equivalent to the 
magnitude of a chip 1, and the miniaturization of equipment is in drawing. 

[0009] The equipment with which such a chip 1 and a chip carrier 3 were connected by the pewter bump, and the 
miniaturization of equipment was attained is indicated by Japanese Patent Application No. No. 22337 [ three to ] 
etc. 

[0010] However, with this kind of equipment, the high-melting pewter ingredient needed to be used for the pewter 
bump 2 for connecting a chip 1 and a chip carrier 3. 

[001 1] Drawing 37 is a sectional view which mounts the semiconductor device 100 of the ball grid array mold shown 
in drawing 35 in the mounting circuit board 200 and in which showing a mounting process. 

[0012] As shown in drawing 37 , when equipment 100 is mounted in the mounting circuit board 200. the pewter bump 
type of electrode 4 is melted by giving heat. It is even expected from a chip carrier 3 that a chip 1 will secede from 
the melting point of the electrode 4 of a pewter bump mold in being the worst in distorting the pewter bump 2 
greatly if the pewter bump*s 2 melting point is not made high at this time. 

[0013] In order not to generate such a problem, the pewter bump's 2 melting point is made higher than the melting 
point of the electrode 4 of a pewter bump mold 

[0014] Drawing 36 is the state diagram of a (Tin Snhlead (Pb) system alloy. The Sn-Pb system alloy is well known 
as an ingredient of a pewter. 

[0015] In the case of [ 4 ] the equipment shown in drawing 35 (for example, the electrode of a pewter bump mold), 
the melting point difference has been acquired by using the pewter of Sn3wt.%/Pb97wt% for the pewter bump 2. 
using the eutectic pewter of Sn63wt.%/Pb37wt.%. 

[0016] As shown in the state diagram of drawing 36 . the melting point of the pewter of about 183 degrees 0 and 
Sn3wt.%/Pb97wt.% of the melting point of the eutectic pewter of Sn63wt.%/Pb37wt.% is about 320 degrees C. 
[001 7] In addition. E points shown in drawing 36 are the eutectic points, an A point is the leaden melting point and D 
point is the melting point of tin. The line which connects the above-mentioned A point. E points, and D point, 
respectively is the liquidus line. 
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[0018] 

[Problem(s) to be Solved by the Invention] As mentioned above, a conventional chip 1 and a conventional chip 
carrier 3 must be connected by the pewter bump 2, and the pewter bump's 2 melting point must be made higher 
than the melting point of the electrode 4 of the pewter bump mold used as an external terminal with the equipment 
of the ball shot array mold with which the miniaturization of equipment was attained. 

[0019] For this reason, a chip carrier 3 melts the pewter bump 2, and needs to consist of ingredients which can bear 
a chip 1 when connecting with a chip carrier 3. for example, an elevated-temperature process 320 degrees C or 
more. 

[0020] However, now the ingredient which can use It for a chip carrier 3, and can bear an elevated-temperature 
process 320 degrees C or more has only the expensive Ingredient of a ceramic system, such as an alumina ceramic, 
and the manufacturing cost is remarkably high. 

[0021] In view of the above-mentioned point, it succeeded in this invention, and that 1st object is in offering the 
semiconductor device which has a ball grid array mold or an external terminal according to it, and has the structure 
which can reduce a manufacturing cost with the miniaturization of equipment. 

[0022] Moreover, the 2nd object is to offer a ball grid array mold or the semiconductor device which does not need 
to hurt its external terminal according to It, before mounting equipment in the mounting circuit board while attaining 
the 1st object. 

[0023] Moreover, continuation manufacture is possible for It and the 3rd object Is to offer a semiconductor device 
with the structure where compaction of a throughput can be aimed at while rt attains the 1st object or the 2nd 
object. 

[0024] Moreover, the 4th object Is to offer the semiconductor device which can give a long life to the connection 
object for connecting mutually the terminal of a chip, and the terminal for connection of a chip carrier electrically 
while attaining the 1st object, the 2nd object, or the 3rd object. 

[0025] Moreover, the 5th object is in offering the manufacture approach of a semiconductor device of having a ball 
grid array mold or an external terminal according to it and having the structure which can reduce a manufacturing 
cost with the miniaturization of equipment. 
[0026] 

[Means for Solving the Problem] In order to attain the 1st object of the above, in this invention, the connection 
object for connecting electrically the chip carrier which has the external terminal of the bump mold electrically 
connected to the terminal for connection connected to a semiconductor integrated circuit chip, said chip, and an 
electric target and said terminal for connection, and the terminal of said chip and terminal for connection of said 
chip carrier of each other is provided. And while a bump ingredient of the same kind constitutes said bump type of 
external terminal and said connection object of each other, it is characterized by being filled up with the fixed object 
for fixing said chip to said chip carrier between said chips and said chip carriers. 

[0027] In order to attain the 2nd object of the above, in this invention, It Is characterized by preparing the terminal 
for a test used for it when testing said chip to said chip carrier. 

[0028] In order to attain the 3rd object of the above, in this invention, it is characterized by using said chip carrier 
as a resin system substrate. 

[0029] In order to attain the 4th object of the above, while that melting point chooses said bump ingredient from an 
ingredient lower than the heat-resistant temperature of said resin system substrate, by this invention. It is 
characterized by said fixed object choosing this resin from the thing in the range whose coefficient of thermal 
expansion that glass transition temperature is lower than the melting point of said bump ingredient, and is 20 
ppm/degree C - 75 ppm/degree C. and the range whose Young's modulus is 3000Pa - 9500Pa including resin. 
[0030] In order to attain the 5th object of the above, in this invention After carrying out melting of the connection 
object for connecting electrically the terminal prepared in the semiconductor integrated circuit chip, and said 
terminal for connection prepared in the chip carrier. Solidify said connection object and said chip and said chip 
carrier are connected electrically mutually. Melting of the fixed object for fixing said chip to said chip carrier is 
carried out. After making the space between said chips and said chip carriers fill up with said fixed object. It is 
characterized by forming the external terminal of the bump mold which is made to solidify said fixed object, fixes 
said chip to said chip carrier, and is further connected to said terminal for connection electrically at said chip 
carrier. 
[0031] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained. 
[0032] The sectional view of the semiconductor device of the ball grid array (Ball Grid ArrayBGA) mold which 
drawing 1 requires for the gestalt of implementation of the 1st of this invention, and drawing 2 are the state 
diagrams of a (Tin Sn)-lead (Pb) system alloy. 

[0033] Moreover, drawing 3 is drawing showing the semiconductor integrated circuit chip shown in drawing 1 , and 
(a) drawing is a sectional view where the top view of a carrier connection side and (b) drawing meet the b-b line of 
(a) drawing. Drawing 4 is drawing showing the chip carrier shown in drawing 1 . and (a) drawing is a sectional view 
where the top view of a chip connection side and (b) drawing meet the c-c tine In (a) drawing and (b) drawing in the 
top view of a component side, and (c) drawing. 
[0034] First, a semiconductor Integrated circuit chip is explained. 

[0035] As shown in drawing 3 (a) and (b), there is a semiconductor integrated circuit chip 10 with which a logic 
device with which many-items child-ization is required was accumulated, and the pad 1 2 is formed in the carrier 
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connection side of this chip 10. The carrier connection side of a chip 10 is covered with silicon oxide (Si02) 14, and 
the aperture for exposing the front face of a pad 12 is formed in this silicon oxide (Si02) 14. the pad 12 exposed 
from the aperture — on each front face, the pewter bump 18 is formed through the barrier metal layer 16 containing 
nickel (nickel) etc. The pewter bump 18 is stationed in the shape of a matrix in the connection side of a chip 10. 
[0036] moreover, the chip carrier 20 for carrying the above-mentioned chip 10, as shown in drawing 4 (a) and (c) — 
it is — the chip connection side of this chip carrier 20 — the pad 12 of the above-mentioned chip 10 — it is alike, 
respectively and the corresponding pad 22 for chip connection is formed, the pad 22 for chip connection — on each 
front face, the pewter bump 28 is formed through the barrier metal layer 26 containing nickel (nickel) etc. 
[0037] Moreover, as shown in drawing 4 (b) and (c), the pad 32 for mounting circuit board connection electrically 
connected to the above-mentioned pad 22 for chip connection through the wiring layer 30 in a carrier formed in the 
chip carrier 20 is formed in the component side of a chip carrier 20. The wiring layer 30 in a carrier is formed on the 
chip connection side of a chip carrier 20. The chip connection surface wiring layer connected to the pad 22 for chip 
connection (not shown). The mounting surface wiring layer which is formed on the component side of a chip carrier 
20, and is connected to the pad 32 for mounting circuit board connection (not shown), The internal wiring layer 
formed in a chip carrier 20 and the through hole formed in the chip carrier 20 are minded. It is constituted by the 
perpendicular direction wiring layer which connects the above-mentioned chip connection surface wiring layer and 
the above-mentioned internal wiring layer of each other, the perpendicular direction wiring layer which connects the 
above-mentioned internal wiring layer and the above-mentioned component-side wiring layer of each other similarly 
through a through hole. 

[0038] On the front face of the pad 32 for mounting circuit board connection, the pewter bump 38 is formed through 
the barrier metal layer 36 containing nickel (nickel) etc. like the above-mentioned pad 22 for chip connection. The 
pewter bump 38 is stationed in the shape of a matrix at the component side of a chip carrier 20, and constitutes the 
electrode 40 of the pewter bump mold as an external terminal. He is trying to be obtained in the semiconductor 
device of a ball grid array mold by this. 

[0039] In addition, one example with the pewter bump's 38 desirable ingredient is the eutectic pewter of 
Sn63wt.%/Pb37wt.% with the lowest melting point in a Sn-Pb system alloy. This is the above-mentioned pewter 
bump 18. the pewter bump 28, and an ingredient of the same kind. 

[0040] In addition, the two-dot chain line 42 shown in drawing 4 (a) shows the area on which the above-mentioned 
chip 10 is put. 

[0041] In this example, as for the pewter bump 18 formed in the chip 10, and the pewter bump 28 formed in the chip 
carrier 20. the ingredient of each other of the same kind is chosen, and that ingredient is a (Tin Sn)-lead (Pb) 
system pewter. One example with the desirable presentation is an eutectic pewter of Sn63wt.%/Pb37wt.% with which 
the melting point becomes the lowest in a Sn-Pb system alloy. Although the ingredient of the pewter chosen is 
changeable with the thermal resistance of a chip carrier 20, when using a Sn-Pb system pewter, in order to stop the 
melting point low, as an example near the eutectic presentation, the thing of a presentation of 
Sn63**10wt.%/Pb37**10wt.% extent is good. If it is the Sn-Pb system pewter of this range, as shown in the state 
diagram of drawing 2 . that melting point will be made to about 220 degrees 0 or less, and the thermal shock given 
to a chip 1 0 and a chip carrier 20 can be made small. 

[0042] Moreover, the printed circuit board cheaper than an alumina ceramic substrate is used for the chip carrier 20 
of the equipment concerning the gestalt of this 1st operation. In this invention, in order to use for connection 
between a chip 10 and a chip carrier 20 an eutectic pewter with the low melting point mentioned above, it is 
possible to use a cheap printed circuit board for a chip carrier 20. As for a printed circuit board, a conductive circuit 
pattern is printed on the substrate of a resin system. Although one example with the desirable resin of a printed 
circuit board is glass epoxy system resin, polyimide system resin, phenol system resin, BT resin, a bakelite, etc. can 
be used. 

[0043] The pewter bump 18 and the pewter bump 28 are made for the chip carrier 20 shown in the chip 10 shown in 
drawing 3 and drawing 4 to agree mutually. By the pewter bump 18 and the pewter bump 28 who agreed, at about 
183 degrees C or more, for example, 220 degrees 0. heat is given for about 2 seconds and it melts, respectively. 
Then, temperature is lowered and a pewter is solidified. By solidifying a pewter, as shown in drawing 1 , the 
conductive connection object 44 which connects mutually the pad 12 of a chip 10 and the pad 22 for chip 
connection of a chip carrier 20 electrically is formed. After forming the conductor 44 for connection furthermore, 
the resin layer 46 is formed in the space between a chip 10 and a chip carrier 20 by being filled up with resin. One 
example of the resin which forms the resin layer 46 is polyimide system thermosetting resin. 

[0044] It has obtained because the conductor 44 for connection melts the pewter bump 18 and the pewter bump 28 
first, respectively as it is the semiconductor device which has the above-mentioned configuration. For this reason, 
the presentation of the conductor 44 for connection is the eutectic of Sn63wt.%/Pb37wt.%. 

[0045] Thus, there is no boundary of metals which are different because the conductor 44 for connection forms only 
with an eutectic pewter. 

[0046] Moreover, all the organizations of the conductor 44 for connection turn into eutectic structure, and do not 
have the boundary of a different metal presentation, either. 

[0047] Furthermore, the configuration becomes a spherical thing, in order to melt the pewter bump 18 and the 
pewter bump 28, respectively and to obtain the conductor 44 for connection. 

[0048] From these matters, the conductive connection object 44 can obtain a thing very strong against stress and 
thermal stress especially. 
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[0049] This effectiveness is further explained to a detail. 

[0050] Conventionally, generally the approach of connecting the pad of a chip to other conductors is well learned as 
flip chip mounting using the pewter bump. Especially C4 (Controlled Collapse Chip Connection) technique in which 
the high-melting pewter bump was attached in the pad of a chip especially is famous. About C4 technique, it is U.S. 
Pat. No. 4,825,284, Microelectronics Packaging Handbook and Van Nostrand Reinhold, New York. 1989, and p.368. It 
is indicated. 

[0051] Drawing 5 is drawing for explaining the typical example of C4 technique, and (a) drawing and (b) drawing are 
sectional views shown in order of the connection process, respectively. 

[0052] First, as shown in drawing 5 (a), the high-melting pewter bump 302 is formed in the pad 300 of a chip. A high- 
melting pewter is the presentation of Sn3wt%/Pb97wt.%. A location is decided to come this high-melting pewter 
bump 302 on the pad 304 for connection of a ceramic substrate. 

[0053] After deciding a location, as shown in drawing 5 (b). a reflow of the high-melting pewter bump 302 is carried 
out Then, temperature is returned to ordinary temperature and the high-melting pewter bump 302 by whom a reflow 
was done is solidified. 

[0054] A pad 300 and the pad 304 for connection of each other are connectable with the conductive connection 
object 306 in it being such C4 technique. This conductive connection object 306 Is formed with the high-melting 
pewter which is Sn3wt.%/Pb97wt.%. and does not have the boundary of different metals. 

[0055] However, since the alloy of Sn3wt.%/Pb97wt.% is not an eutectic. if temperature falls below in the liquidus line 
(below the melting point), first, with alpha phase and a Sn-Pb alloy, the crystal of Pb will deposit and the crystal with 
which Sn and Pb were mixed will come out with alpha+ parent phase and a Sn-Pb alloy after that (see the state 
diagram of the Sn-Pb alloy of drawing 2 ). For this reason, in that crystalline structure, the crystal with which the 
crystal of only pure Pb, and Sn and Pb were mixed comes to be intermingled. For this reason, the field where 
presentations, i.e.. an alloy phase, differed Is distributed in a pewter bump. Thus, distribution of the field where alloy 
phases differed may reduce the reinforcement to thermal stress. It is surmised that the formation of a many-items 
child and detailed-ization progress, especially the strong lowering to thermal stress becomes remarkable when the 
conductive connection object 306 has been made detailed, and it brings about a faulty connection. 
[0056] Moreover, with C4 typical technique, a pewter reflow in low temperature [ say / temperature of 220 degrees 
C like the gestalt of this 1st operation ] is also unrealizable. 

[0057] Drawing 6 is drawing for explaining other examples of C4 technique, and (a) drawing and (b) drawing are 
sectional views shown in order of the connection process, respectively, 

[0058] Drawing 7 is drawing for explaining the example of the example of C4 technique like drawing 6 . and (a) 
drawing and (b) drawing are sectional views shown in order of the connection process, respectively. 
[0059] First, as shown in drawing 6 (a), there Is a chip with the high-melting pewter bump 302 who is completely the 
same as the form where it explained in drawing 5 (a). Moreover, while it replaces with a ceramic substrate and being 
constituted by epoxy system resin, there is a resin substrate with the pad 304 for connection. On the pad 304 for 
connection of this resin substrate, the eutectic pewter bump 308 of the low melting point is formed. After deciding 
the high-melting pewter bump s 302 location to have explained in drawing 5 (a), as shown in drawing 6 (b), a reflow 
of the eutectic pewter bump 308 Is carried out. Then, temperature is returned to ordinary temperature and the 
eutectic pewter bump 308 by whom a reflow was done is solidified. 

[0060] By carrying out a reflow of the eutectic pewter bump 308 to their being such other 04 techniques, since a 
pad 300 and the pad 304 for connection of each other are connectable. connection at low temperature can be made 
and the thing of a resin system can be used for the substrate for connecting a chip. In addition, such 04 technique 
is Proceedings of ECTC. 1993. IEEE, and p.l82 to p.l86. It is indicated. 

[0061] However, on the conductive connection object 306 which connects a pad 300 and the pad 304 for 
connection of each other, the boundary 310 of the alloy of Sn3wt%/Pb97wt.% and the alloy of Sn63wt.%/Pb37wt.% is 
produced. 

[0062] Thus, with other 04 techniques, since the boundary 310 of metals which are different on the conductive 
connection object 306 which connects mutually the pad 300 and the pad 304 for connection of what can realize a 
pewter reflow in low temperature is produced, it will become weak at thermal stress and electric stress. Especially 
the boundary 310 is a part which Is easy to produce fatigue breaking by thermal stress, and we are anxious about 
the strong lowering to thermal stress. 

[0063] By the way, in the field of semiconductor device manufacture, there is a problem of fluctuation of a 
manufacture process. When manufacturing semiconductor fabrication machines and equipment using other 04 
techniques, as shown in drawing 7 (a), although it is rare that the eutectic pewter bump 308 is formed smaller than a 
design value. It may happen by fluctuation of a manufacture process. 

[0064] With the conductive connection object 306 acquired by the small eutectic pewter bump 308, the vena 
contracta as shown in the arrow head A at drawing 7 (b) occurs. It is because the amount of an eutectic pewter will 
decrease if the eutectic pewter bump 308 is small, and it becomes impossible to cover all the high-melting pewter 
bumps 302 with an eutectic pewter. It is easy to concentrate stress on the part of this vena contracta. If there is a 
part which stress tends to concentrate on the conductive connection object 306, it will be expected that the 
reinforcement of the conductive connection object 306 gets worse further. 

[0065] In addition, in the accelerated test before shipment although what produced the vena contracta on the 
conductive connection object 306 can be sorted out to some extent, if it seems that an accelerated test is passed 
and it may be shipped, it will influence the dependability of equipment 
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[0066] Therefore, a conductive connection object is just going to be wanted to be the structure which the vena 
contra eta as shown in an arrow head A at drawing 7 (b) does not produce. 

[0067] Drawing 8 is drawing for explaining the electric connection with the chip of equipment and printed circuit 
board concerning the gestalt of implementation of the 1 st of this invention, and (a) drawing and (b) drawing are 
sectional views shown in order of the connection process, respectively. 

[0068] As shown in drawing 8 (a), there is a printed circuit board 20 with the eutectic pewter bump 28 who is 
completely the same as the chip 10 with the eutectic pewter bump 18 who is completely the same as the form 
where it explained in drawing 3 (a) and (b). and the form where it explained in drawing 4 (a) and (c). After deciding 
the eutectic pewter bump's 18 location, as shown in drawing 8 (b). a reflow of the eutectic pewter bumps* 18 and 28 
both sides is carried out. Then, temperature is returned to ordinary temperature, the eutectic pewter bumps 18 and 
28 by whom a reflow was done are solidified, and the conductive connection object 44 is acquired. 
[0069] A pad 12 and the pad 22 for connection of each other are connected by carrying out a reflow of the eutectic 
pewter bumps 18 and 28 to it being electric connection with such a chip and a printed circuit board, respectively. 
Therefore, it is realizable of connection at low temperature. 

[0070] Moreover, the configuration of the conductive connection object 44 becomes thermal stress with a 
structurally strong sphere. 

[0071] Furthermore, altogether, since the conductive connection object 44 consists of only eutectic pewters of 
Sn63wt.%/Pb37wt.%. it does not have the boundary of different metals, either. 

[0072] And since the alloy of Sn63wt%/Pb37wt% is an eutectic. even if temperature falls below in the liquidus line 
(below the melting point), alpha phase, i.e.. the crystal with which the crystal of Pb did not deposit previously and 
alpha+ parent phase, i.e.. Sn and Pb. was mixed, comes out (see the state diagram of the Sn-Pb alloy of drawing 2 ). 
Therefore, the field where alloy phases differed is not distributed. 

[0073] Therefore, with the conductive connection object 44 which the equipment concerning the gestalt of 
implementation of the 1st of this invention has. a thing very strong against thermal stress can be obtained. 
[0074] Of course, since there is no boundary of different metals, it is also the structure which the vena contracta as 
shown in an arrow head A at drawing 7 (b) does not produce, and the yield is also good and the dependability of 
equipment also becomes high. 

[0075] In addition, as the pewter bump 40 who becomes an external terminal, and a pewter which constitutes the 
conductive connection object 44. the following things besides the Sn-Pb system eutectic pewter of the above- 
mentioned Sn63wt.%/Pb37wt.% can also be used. 

[0076] duality — a system alloy — the In(indium)-Sn (tin) system eutectic pewter of In52wt.%/Sn48wt.% — The Bi 
(bismuth)-Sn (tin) system eutectic pewter of Bi58wt.%/Sn42wt%, The Sn(tin)-Zn (zinc) system eutectic pewter of 
Sn91wt.%/Zn9wt.%, The Sn(tin)-Sb (antimony) system eutectic pewter of Sn(tin)-Ag (silver) system eutectic pewter 
[ of Sn96.5wt%/Ag3.5wt.% ] and Sn95wt.%/Sb5wt% etc. can be used. 

[0077] In ternary alloy, the Sn-Ag-Sb system eutectic pewter of Sn65wt.%/Ag25wt.%/Sb10wt%. the Sn-Cu(copper)- 
Ag system eutectic pewter of Sn95.5wt.%/Cu4.0wt%/Ag0.5wt%. etc. can be used. 

[0078] With a system alloy, the Sn-Cu-Sb-Ag system eutectic pewter of Sn97wt.%/Cu2wt.%/Sb0.8wt.%/Ag0.2wt.% of 
4 yuan etc. can be used. 

[0079] In addition, also in these eutectic pewters, like a Sn-Pb system eutectic pewter, if it is about ♦*10% of range, 
it is permissible. 

[0080] Drawing showing the property of resin that drawing 9 was used for the resin layer 46, and drawing 10 are 
drawings showing the relation between temperature and distortion of a pewter bump (conductive connection object 
44). 

[0081] Moreover, with the equipment concerning the gestalt of this 1st operation, the resin layer 46 is provided in 
the space between a chip 10 and a chip carrier 20 so that the perimeter of the above-mentioned conductive 
connection object 44 may be enclosed. Four resin A. B, C. and D with the glass transition point Tg as shown in 
Young's modulus E as shown in drawing 9 , a coefficient of thermal expansion alpha, and a list at drawing 10 was 
used for the resin which constitutes this resin layer 46. 

[0082] One of the main objects which form such a resin layer 46 is easing the thermal stress commftted between a 
chip 10 and a chip carrier 20. and preventing degradation of the conductive connection object 44 at the time of a 
pewter reflow when mounting to the mounting circuit board which carries out the coat of the space between a chip 
10 and a chip carrier 20. fixes to a chip carrier 20 and does not illustrate a chip 10. while preventing the conductive 
connection object 44 being distorted. 

[0083] In order to attain such an object, the resin of the resin layer 46 chose that by which 100-200 degrees 0 and 
Young's modulus E had the coefficient of thermal expansion alpha ac|justed in 20 ppm/degree C - 78 ppm [ degree 
0 ] /, and were adjusted to 3000MPa-9500MPa (room temperature) in the glass transition point Tg. as shown in 
drawing 9 and drawing 10 . 

[0084] In addition, at a room temperature, the resin which is a vitreous state is the thing of the temperature which 
begins to show rubber-like elasticity in the above-mentioned glass transition point Tg. 

[0085] In detail, the resin A, B. 0. and D which constituted the resin layer 46 is polyimide system thermosetting 
resin, respectively. Each property of resin mixes potybutadiene based on polyimide, respectively, and includes the 
letter quartz of crushing, and a spherical quartz as a filler further, respectively, and it was made to serve as the 
above-mentioned range by ac|justing these amounts. 

[0086] However, about the content of the above-mentioned letter quartz of crushing, and a spherical quartz, the 
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content of a quartz was made into 38wt(s).% extent below 40wt.%. The restoration nature of resin will worsen and 
this will be because the void occurred to the space between a chip 10 and a chip carrier 20. especially the space of 
the bottom for a chip 10 center section, if the content of a quartz becomes more than 40wt(s).%. 
[0087] In addition, about making resin contain the letter quartz of crushing, and a spherical quartz in the range of 
40wt(s).% - 75wt.% to resin as a filler, U.S. Pat No. 4.999,699 has disclosure. 

[0088] The resin A, B, C, and D whose relation between temperature and distortion of a pewter bump (conductive 
connection object 44) is four is shown in drawing 10 , respectively. 

[0089] As shown in drawing 10 , with the equipment which has the resin layer 46, the distortion of a pewter bump 
(conductive connection object 44) accompanying lifting of temperature becomes small compared with equipment 
without the resin layer 46. If distortion of the conductive connection object 44 becomes small, at the time of a 
pewter reflow when mounting in the mounting circuit board which does not illustrate a semiconductor device, the 
faulty connection of a chip 10 and a chip carrier 20 can reduce possibility of generating, and can raise dependability. 

[0090] In order to make smaller distortion of the conductive connection object 44 and to raise dependability more 
furthermore, as shown in drawing 10 , it is desirable that a glass transition point Tg has resin C and D higher than 
the glass transition point Tg (about 150 degrees C) of a chip carrier 20 chosen. Resin D with the melting point of the 
conductive connection object 44 and the gestalt of this operation with a glass transition point Tg higher than the 
melting point of a Pb-Sn system pewter can make smaller distortion of the conductive connection object 44. In this 
case, even if temperature reaches the melting point of the conductive connection object 44, there is no rapid 
increment in distortion in the conductive connection object 44. 

[0091] Drawing 1 1 is drawing showing the relation of the distortion and TCT cycle of a bump. In drawing 1 1 . the 
experimental result of equipment without the resin layer 46 is plotted by "O" mark, and the experimental result of 
equipment with the resin layer 46 is plotted by mark. 
[0092] The result of four experiments is shown in drawing 1 1 . respectively. 

[0093] The 1st experiment is an experiment of equipment without the resin layer 46. The 2nd experiment The 
experiment and the 3rd experiment to which the class of resin was fixed to and a pewter bump's (conductive 
connection object 44) height was changed The experiment to which the pewter bump's 44 height was fixed to and 
the class of resin was changed, and the 4th experiment are experiments to which the ingredient of a chip carrier 
was changed from resin to the ceramic according to the 2nd experiment 

[0094] Although the detailed explanation about the 1st experiment is omitted, with equipment without the resin layer 
46. there is an inclination for a pewter bump to distortion-come to be easy, as compared with equipment with the 
resin layer 46. 

[0095] First, the result of the 2nd experiment is explained. 

[0096] In the 2nd experiment. 3 equipment which set a pewter bump's height h to 30 micrometers, 50 micrometers, 
and 80 micrometers was used. With these equipments, the above-mentioned resin A (E=3479MPa and alpha= 74 
ppm/(degree C)) was used for the resin of the resin layer 46, and what is called FR-4 whose base material resin is 
an epoxy system was used for the chip carrier 20. respectively. 

[0097] As shown in drawing 1 1 . in this experiment, the inclination for the pewter bump 44 to distortion-come to be 
hard was accepted as the pewter bump's 44 height h increased with 30 micrometers, 50 micrometers, and 80 
micrometers. In order are [ the pewter bump 44 ] distortion-hard and to act as her, this inclination shows that it is 
good, when the pewter bump's 44 height h is made to some extent high. This is making the pewter bump's 44 height 
h to some extent high, and there are few strains of the pewter bump for absorbing the differential thermal expansion 
of a chip 10 and a chip carrier 20, and they end. The volume of the space between a chip 10 and a chip carrier 20 
becomes to some extent large, and the mechanical reinforcement of the resin layer 46 increases, or the pewter 
bump's 44 volume by or the thing become to some extent large It is surmised according to these factors with the 
mechanical increasing reinforcement of pewter bump 44 the very thing that the pewter bump 44 distortion-comes to 
be hard. In this experiment the result [ h / of a pewter bump / height ] that it is desirable about 80 micrometers as 
one example is obtained. 

[0098] Next the result of the 3rd experiment is explained. 

[0099] The value by which the equipment used for the 3rd experiment was made desirable in a pewter bump's height 
h. That is, it fixed by 80 micrometers and three equipments which used the resin of the resin layer 46 as the above- 
mentioned resin B (E=5867MPa and alpha= 41 ppm/(degree O). the above-mentioned resin C (E=6050MPa and 
alpha= 36 ppm/(degree C)), and the above-mentioned resin D (E=9408MPa and alphas 23 ppm/(degree O) were 
used. FR-4 were used for the chip carrier 20 of these three equipments. 

[0100] As shown in drawing 1 1 . in order of Resin A, Resin B, Resin C. and Resin D. the pewter bump 44 was 
distortion-hard, and became, and the relation shown in drawing 10 was checked on equipment level. 
[0101] Next, the result of the 4th experiment is explained. 

[0102] In the 4th experiment two equipments which set a pewter bump's height h to 20 micrometers and 40 
micrometers were used. Resin A was used for the resin of the resin layer 46 of these two equipments, and the 
alumina ceramic was used for the chip carrier 20. 

[0103] As shown in drawing 1 1 , even if it replaced the chip carrier 20 with the thing of a ceramic system from the 
thing of a resin system, the same result as the 2nd experiment was able to be obtained. 

[0104] Thus, this invention can also use the thing of a ceramic system for a chip carrier 20. For example, they are 
an alumina ceramic, alumimium nitride (AIN). etc. If the thing of a ceramic system is used for a chip carrier 20, as for 
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a manufacturing cost, a chip carrier 20 will increase rather than the thing of a resin system. 

[0105] However, by using the pewter bump 44 as an eutectic pewter, and forming the resin layer 46. the 

effectiveness that equipment strong against thermal stress and electric stress is obtained is maintainable as shown 

also in drawing 1 1 . . . u . . , • 

[0106] In addition, not only a quartz but other ingredients can also be used for the filler which the resin layer 4ti is 
made to contain. For example, it is alumimium nitride (AIN. coefficient of thermal expansion of alpha= 2.9 
ppm/degree C). When alumimium nitride is used for a filler and the content is carried out more than 75wt(s).%, the 
coefficient of thermal expansion alpha of resin can carry out [ degree C ] in 40 ppm / or less. 
[0107] However, aggravation of the restoration nature of resin was accepted like the time of being a quartz as the 
content of alumimium nitride is more than 75wt(s).%. In order to cancel aggravation of this restoration nature, the 
particle size of alumimium nitride was arranged with 0.5 micrometers or less. Thereby, restoration nature is 
improvable. 

[0108] In addition, it is possible to use an epoxy resin besides polyimide. BUDAJIEN resin, biphenyl system resin, 
etc. for the base agent of the resin layer 46. 

[0109] Especially biphenyl system resin has little moisture absorption of moisture, and adhesion of a chip 10 and the 
resist (not shown) as a solder mask currently formed on the chip connection side of a chip carrier 20 can be 

improved. . j j.- 

[01 10] While a chip 10 and a chip carrier 20 are connectable at low temperature by constitutmg the conductive 
connection object 44 from an eutectic pewter as it is the semiconductor device of such a ball grid array mold 
concerning the gestalt of the 1st operation, equipment strong against the both sides of thermal stress and electric 
stress can be obtained. 

[01 1 1] moreover, the thing for which the resin layer 46 is formed in the space between a chip 10 and a chip carrier 
20 — the conductive connection object 44 — a strain — being hard — the above — the reinforcement to thermal 
stress and electric stress can be raised further. 

[0112] Drawing 12 is the sectional view having shown the condition of mounting the semiconductor device of the 
ball grid array mold concerning the gestalt of the 1st operation in a mounting substrate. 

[0113] As shown in drawing 12 . in the semiconductor device 150 of the ball grid array mold concerning the gestalt 
of the 1st operation By forming the resin layer 46 in the space between a chip 10 and a chip carrier 20 When using 
the pewter reflow method for the terminal 202 for connection of the mounting substrate 200 and connecting the 
electrode 40 of a pewter bump mold to it. That the conductive connection object 44 which becomes with the same 
eutectic pewter as these electrodes 40 is distorted greatly *♦**, or a chip 10 can solve the problem which secedes 
from a chip carrier 20. 

[0114] Next, the more concrete manufacture approach of the semiconductor device of the ball grid array mold 
concerning the gestalt of implementation of the 1 st of this invention is explained. 

[01 15] Drawing 13 - drawing 18 are the sectional views having shown the semiconductor device of the ball grid 
array mold concerning the gestalt of implementation of the 1st of this invention in order of the production process, 
respectively. _c 
[0116] As shown in drawing 13 . on the barrier metal layer 16 currently formed in the carrier connection side side of 
a chip 10. electrolysis plating is used and the eutectic pewter bump 18 is formed. Next, flux is applied to the 
eutectic pewter bump's 18 front face. R5002 of Japanese alpha metals. 7200A of the Senju metal industry. 
RAPIKKUSUR of a Japanese pewter, etc. can be used for this flux. It is desirable that the flux of the non-halogen 
system which uses rosin as a principal component is used fundamentally. 

[0117] In addition, a spreading process can also omit this flux, when the flux with high activity which is water 
solubility is used for the flux used at the time of the bump connection made behind. Next at the temperature of 200 
degrees C or more, a reflow of the eutectic pewter is carried out and the eutectic pewter bump 18 is made 
spherical. The eutectic pewter bump 18 is made spherical for raising the wettability of the pewter at the time of 

connection. . ivi tu 

[0118] Next flux is applied to the eutectic pewter bump's 18 front face made spherical as shown in drawing 14 . The 
part shown by the reference marl^ 50 is the layer of flux. Using solvents, such as a cyclic amide solvent and an 
isopropyl alcohol solvent the ethylene glycol mono-FENIRU ether. R5003 of above-mentioned R5002. 7200A. 
RAPIKKUSUR. or Japanese alpha metals is used for this flux, thinning so that solid content may become 6% - 50%. 
[0119] Next, as shown in drawing 15 . on the barrier metal layer 26 currently formed in the chip connection side side 
of a chip carrier 20. an electroless deposition method is used and the eutectic pewter bump 28 is formed. Next flux 
is applied to the eutectic pewter bump's 28 front face. R5002. 72O0A. RAPIKKUSUR. etc. are used like the eutectic 
pewter bump 18 by this flux, and it is desirable to it that the flux of the non-halogen system which uses rosin as a 
principal component fundamentally is used. 

[0120] In addition, a spreading process can also omit this flux, when the flux with high activity which is water 
solubility is used for the flux used at the time of the bump connection made behind. Next at the temperature of 200 
degrees C or more, a reflow of the eutectic pewter is carried out and the eutectic pewter bump 28 is made 
spherical. The eutectic pewter bump 28 is made spherical for raising the wettability of the pewter at the time of 
connection like the eutectic pewter bump 18. i.. <n j 

[0121] Furthermore, as shown in drawing 15 . a location is decided that the carrier connection side of a chip 10 and 
the chip connection side of a chip carrier 20 are made to counter, and the eutectic pewter bump 18 and the 
eutectic pewter bump 28 counter mutually. 
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[01 22] Next, as shown in drawing 16 , the eutectic pewter bump 1 8 and the eutectic pewter bump 28 are contacted 
mutually. In this condition, although a graphic display is not carried out, it will be in the condition of having been 
tacking carried out of the chip 10 to the chip carrier 20. by the layer 50 of flux. With the condition of having been 
tacking carried out. a chip 10 and a chip carrier 20 are conveyed and it supplies in the furnace for reflow. Next the 
eutectic pewter bump 18 and the eutectic pewter bump 28 are melted, respectively, using reflow time amount as 
about 2 seconds using temperature of a furnace as 220 degrees C, and the conductive connection object 44 is 
formed. The temperature of the furnace at this time is good to be set as the range from 183 degrees C which is the 
melting point of an eutectic pewter to 255 degrees C in consideration of the heat capacity of a member, and thermal 
resistance. Moreover, as temperature exceeding the melting point of a pewter, if reflow time amount is set up 1 
second or more, it can melt a pewter and can form the conductive connection object 44. Although reflow time 
amount is based also on the thermal resistance of a substrate, it can be set up about a maximum of 20 seconds. 
Next the flux which constituted the layer 50 is removed using a cleaning agent, for example, isopropyl alcohol, EC-7, 
or a techno care. 

[0123] Next as shown in drawing 17 , the space between a chip 10 and a chip carrier 20 is filled up with the 
polyimide system thermosetting resin mentioned above, for example. Next, in order to solidify the resin with which it 
filled up. temperature carries out a cure in the oven set as 100 degrees C for 1 to 4 hours. The resin layer 46 is 
formed of this. 

[0124] Next, as shown in drawing 18 , on the barrier metal layer 36 currently formed in the component-side side of a 
chip carrier 20, the pewter ball of an eutectic is fused, it fixes and the spherical eutectic pewter bump 40 is formed 
After the eutectic pewter bump 40 prints a cream pewter on the barrier metal layer 36, carrying out a reflow of the 
printed cream pewter, and making it spherical can also form her. 

[0125] After acquiring the conductive connection object 44 as it is such a manufacture approach, and forming the 
resin layer 46 further, the eutectic pewter bump 40 who becomes an external terminal is formed. For this reason, 
the eutectic pewter bump 40 is not received for the heat when forming the conductive connection object 44. For 
this reason, the eutectic pewter bump 40 melts, that form does not collapse or eutectic pewter bump 40 do not 
connect too hastily. 

[0126] Next, other manufacture approaches are explained. 

[0127] Drawing 19 - drawing 23 are the sectional views having shown the semiconductor device of the ball grid 
array mold concerning the gestalt of the 1st operation in order of the process according to other manufacture 
approaches, respectively. 

[0128] First as shown in drawing 19 and drawing 20 . the approach explained with reference to drawing 1 3 and 
drawing 14 is followed. Form the spherical eutectic pewter bump 18 and on the front face of the eutectic pewter 
bump 18 who spheroidized The layer 50 of the flux which consists of above-mentioned R5002 and R5003, 7200A, 
and RAPIKKUSU R thinned so that solid content might become 6% - 50% using solvents, such as a cyclic amide 
solvent, and an isopropyl alcohol solvent the ethylene glycol mono-FENIRU ether, is formed, 
[0129] Next, as shown in drawing 21 . according to the approach explained with reference to drawing 15 , the 
spherical eutectic pewter bump 28 is formed on the barrier metal layer 26 currently formed in the chip connection 
side side of a chip carrier 20. Furthermore, according to the approach explained with reference to drawing 1 7 , the 
spherical eutectic pewter bump 40 is formed on the barrier metal layer 36 currently formed in the component-side 
side of a chip carrier 20. 

[0130] Furthermore, as shown in drawing 21 , a location is decided that the carrier connection side of a chip 10 and 
the chip connection side of a chip carrier 20 are made to counter, and the eutectic pewter bump 18 and the 
eutectic pewter bump 28 counter mutually. 

[0131] Next, as shown in drawing 22 . the eutectic pewter bump 18 and the eutectic pewter bump 28 are melted, 
respectively, using [ contact mutually the eutectic pewter bump 18 and the eutectic pewter bump 28. and ] reflow 
time amount as about 2 seconds according to the approach explained with reference to drawing 16 , using 
temperature of a furnace as 220 degrees C. and the conductive connection object 44 is formed. Theri, the flux which 
constituted the layer 50 is removed using a cleaning agent for example, isopropyl alcohol, EC-7. or a techno care. 
[0132] Next, as shown in drawing 23 , according to the approach explained with reference to drawing 17 . the space 
between a chip 10 and a chip carrier 20 is filled up with the polyimide system thermosetting resin mentioned above, 
for example, and the cure of the resin with which it filled up is carried out to it. it is solidified, and the resin layer 46 
is formed in it. 

[0133] Without using that wettability is different and breaking down the eutectic pewter bump 40 by the eutectic 
pewter bumps 18 and 28 who touch flux, and the eutectic (not applied) pewter bump 40 who does not touch flux, if 
the description of this manufacture approach is summarized, only the eutectic pewter bumps 18 and 28 are melted 
and a chip 10 is connected to a chip carrier 20. 

[0134] Wettability becomes good because flux touches, and the fluidity of an eutectic pewter increases. Therefore, if 
the same heat as the eutectic pewter bumps 1 8 and 28 who are in contact with flux, and the eutectic pewter bump 
40 to whom flux is not applied is given, while the eutectic pewter bump 40 will continue maintaining a spherical form, 
only the eutectic pewter bumps 18 and 28 can enlarge the fluidity of an eutectic pewter. Therefore, the conductive 
connection object 44 can be formed, without breaking down the eutectic pewter bump's 40 form. 
[0135] The advantage of such a manufacture approach is not being incorporated like a heat process, in case the 
eutectic pewter bump's 40 is formed in a chip 10, and being able to mitigate the heat history of a chip 10. 
[0136] If the heat history of a chip 10 is mitigable, possibility that the profile of the diffusion layer formed in the 
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interior of the semi-conductor substrate of a chip 10 will be confused can be made small, and a detailed component 
can be accumulated on a chip 10. 

[0137] Therefore, the manufacture approach explained with reference to drawing 19 - drawing 23 is the suitable 
manufacture approach to build a large-scale integrated circuit into the chip of the semiconductor device of the ball 
grid array mold concerning this invention. 

[0138] Next, the semiconductor device of the ball grid array mold concerning the gestalt of implementation of the 
2nd of this invention is explained. 

[0139] The main objects of the semiconductor device of the ball grid array mold concerning the gestalt of this 2nd 
operation can perform the assembly of equipment more easily, and tend to raise the throughput of an assembly. 
Moreover, other objects are that the solder bump 40 who becomes an external terminal takes care not to hurt. 
[0140] With the gestalt of this 2nd operation, as one resin plate is prepared, the multi-statement of the part which 
serves as a chip carrier 20 behind is carried out to this one resin plate, and the pewter bumps' 28 and 40 formation 
process and the connection process of a chip 10 are put in block with two or more equipments and can be 
performed, an assembly is simplified, and the throughput of an assembly is raised. 

[0141] Drawing 24 is drawing showing the semiconductor device of the ball grid array mold concerning the gestalt of 
implementation of the 2nd of this invention, and the top view which looked at (a) drawing from the component side, 
and (b) drawing are sectional views which meet the b-b line in (a) drawing. 

[0142] drawing 24 — being shown — as — one — a sheet — a strip of paper — ** — resin — a plate 60 it 
is — this — resin — a plate — 60 — a chip carrier — 20 — becoming — a carrier — a schedule — the section 
20 — * — plurality — a strip of paper — ** — resin — a plate — a rmHor axis — a direction — meeting — a single 
tier — standing in a line — setting up — having — . The slot 62 for cutting for making separation of a chip 
carrier easy at the resin plate 60 is established in the place which removed four angles of carrier schedule section 
20'. cutting whose four angles do not illustrate carrier schedule section 20'. respectively — public funds — it is 
separated into each chip carrier 20 by the mold by being cut off. 

[0143] Moreover, in order to make the handling at the time of an assembly easy to perform, the tooling hole 64 on 
which the pawl of the conveyance tool which is not illustrated is hung is formed in the resin plate 60 along the long 
side of the resin plate 60. This tooling hole 64 is not only used for conveyance, but it can use it for the alignment of 
for example, the metal mold for cutting, the alignment of the jig for a test etc. 

[0144] Moreover, it has not a flexible tape but a certain amount of thickness used for a TAB method, and it shall be 
hard to twist to the resin plate 60. and shall be hard to be bent from a flexible tape to it by the equipment 
concerning the gestalt of this 2nd operation. He uses the property which cannot transform such a resin plate 60 
easily, and is trying to form the terminal 70 for a test on the chip connection side (chip loading side) of the resin 
plate 60 with the gestalt of this 2nd operation. If the resin plate 60 is compared with a flexible tape, there is little 
deformation, and it is because making the terminal 70 for a test contact with a sufficient precision made possible 
the socket electrode of a circuit tester, or the probe. 

[0145] In addition, the equipment with the electrode for a test is indicated by JP,6-103704,B etc. on the flexible 
substrate. 

[0146] the terminal 70 for a test — carrier schedule section 20* — before being arranged inside and cutting off 
carrier schedule section 20'. either after cutting off is enabled to test the integrated circuit currently formed in the 
chip 10. Also after being formed so that it may not be covered with the resin layer 46. and forming the resin layer 
46, it enables it to test the terminal 70 for a test furthermore. 

[0147] Drawing 25 is drawing showing the condition of having separated the semiconductor device of the ball grid 
array mold concerning the gestalt of implementation of the 2nd of this invention from the resin plate 60, and the top 
view and (b) drawing which looked at (a) drawing from the chip loading side are a top view when removing a chip 
from (a) drawing. 

[0148] As shown in drawing 25 (a) and (b), after carrier schedule section 20' is separated from the resin plate 60. 
the terminal 70 for a test is exposed without remaining on the chip carrier 20 and being covered with the resin layer 
46. 

[0149] Moreover, the part shown in drawing 25 (a) and (b) by the reference mark 66 is an index which shows the 
sense of equipment The forms of an index 66 may be the form clipped in the shape of t as shown in drawing 26 (a) 
besides a square as shown in drawing 25 (a) and (b) ] radii, and a hole as shown in drawing 26 (b). 
[0150] It can become possible to put two or more equipments in block as it is such a semiconductor device 
concerning the gestalt of the 2nd operation, and to assemble, and a throughput can be raised. Furthermore, 
independently, the pewter bump 40 who becomes an external terminal does not need to contact the test signal 
supply terminal for supplying a test signal to the pewter bump 40 for the terminal 70 for a test at the time of a test 
or a probe, if the terminal 70 for a test is formed. For this reason, the delicate pewter bump 40 does not get 
damaged. 

[0151] Moreover, the terminals 70 for a test do not need to be formed one by one every conductive connection 
object 44. When the integrated circuit of a logic system is accumulated on a chip 10. the number of pads of the 
electrode pulled out from a chip 10 becomes about 200. A chip 10 has nnany such pads far compared with the time 
of accumulating the integrated circuit of a memory system. 

[0152] So. when the integrated circuit of a logic system is accumulated on a chip 10. it is desirable to use JTAG 
(Joint Test Action Group) known as the test technique of a chip, and to reduce the number of the terminals 70 for a 
test If it does in this way, even when there are many pads of the electrode pulled out from a chip 10, the terminal 
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70 for a test can be arranged on the periphery of a chip 10 at a single tier, and the increment in the size of a chip 
carrier 20 can be controlled. 

[0153] In addition, it is desirable that the thing of the resin system which cost can cut easily with the metal mold for 
cutting low to a chip carrier 20 is used for the semiconductor device concerning the gestalt of this 2nd operation. 
When the thing of a ceramic system is used for a chip carrier 20. cost is high to it and it becomes for example, less 
easy [ cost / cutting ] for it, although the thing of a ceramic system may be used for a chip carrier 20. 
[0154] furthermore, the resin plate 60 — cutting — public funds — since a mold can cut easily, it is easy to form 
the index 66 which shows the sense of a semiconductor device, and the index 66 — cutting — public funds — by 
forming the mold according to the hole shown in a mold at the square shown in drawing 25 (a) and (b). the radii 
shown in drawing 26 (a), or drawing 26 (b), while piercing carrier schedule section 20' from the resin plate 60, it can 
obtain. The index of various forms can be made besides the form shown in drawing 25 - drawing 26 . of course. 
[0155] In addition, separation of carrier schedule section 20* from the resin plate 60 can be performed on the both 
sides by the side of a manufacturer and a user. It can opt for selection of the stage to separate according to the 
demand by the side of a user. 

[0156] the advantage when separating by the manufacturer side — a user side — cutting — public funds — it is 
not preparing a mold and being able to mitigate the cost-burden by the side of a user. 

[0157] Moreover, since two or more equipments are connected and stopped to one resin plate 60, the advantage 
when separating by the user side is becoming easy to perform mass transportation. 

[0158] Furthermore, the advantage that molding is possible is also in a favorite form by the user side about the form 
of an index 66. In this case, it is possible the sense of equipment is not only to show, but to prepare an index 66 in 
the hole of the sake for positioning with a mounting substrate or a form by the user side. 

[01 59] Next, a suitable circuit tester to test the semiconductor device of the ball grid array mold concerning the 

gestalt of implementation of the 2nd of this invention is explained. 

[0160] Drawing 27 is the sectional view having shown the 1st circuit tester roughly. 

[0161] As shown in drawing 27 . there is a test jig 72 and the insertion hole 74 with which the semiconductor device 
160 concerning the gestalt of the 2nd operation is inserted in this test jig 72 is formed. The socket electrode 76 is 
being fixed to the pars basilaris ossis occipitalis of the insertion hole 74. 

[0162] A semiconductor device 160 is inserted in the insertion hole 74 from the loading side of a chip 10 in which 
the terminal 70 for a test is formed. The terminal 70 for a test is contacted by the socket electrode 76 by this. 
Then, a test signal is supplied to a chip 10 through the socket electrode 76, and the electric test of a chip 10 is 
performed according to a well-known method. If a test is completed, a semiconductor device 1 60 will be picked out 
from the test jig 72. 

[0163] The socket electrode 76 prepared in the terminal 70 for a test and the pars basilaris ossis occipitalis of the 
insertion hole 74 by dropping is contacted by the insertion hole 74 in the condition of having turned the loading side 
of the chip 10 of a semiconductor device 160 for the semiconductor device 160 down it being such a circuit tester. 
For this reason, possibility that not only the socket electrode 76 but the test jig 72 will not contact the pewter 
bump 40 who becomes an external terminal, and the pewter bump 40 will get damaged is small. 
[0164] Drawing 28 is the sectional view having shown the 2nd circuit tester roughly. 

[0165] As shown in drawing 28 . there is test jig 72' and the installation hole 75 with which the semiconductor 
device 160 concerning the gestalt of the 2nd operation is laid is formed in this test jig 72*. The installation hole 75 
consists of shallow hole 75a which supports only the part of the edge of a semiconductor device 160, and deep hole 
75b for the pewter bump 40 of a semiconductor device 160 to take care not to contact test jig 72*. 
[0166] It is formed so that migration in the vertical direction may be possible, and after a semiconductor device 160 
is laid into shallow hole 75a, socket electrode 76' moves to the terminal 70 for a test in the vertical direction, and is 
contacted. Then, a test signal is supplied to a chip 10 through the socket electrode 76, and the electric test of a 
chip 10 is performed according to a well-known method. If a test is completed, socket electrode 76' will be moved in 
the vertical direction, and a semiconductor device 160 will be taken out from test jig 72*. 

[0167] the circuit tester which also showed such a circuit tester to drawing 27 by having deep hole 75b for the 
pewter bump 40 taking care not to contact test jig 72' — the same — socket electrode 76' and test jig 72* — 
contacting the pewter bump 40 is lost respectively. Therefore, it can be made hard to get the pewter bump 40 
damaged. 

[0168] Drawing 29 is the sectional view having shown the 3rd circuit tester roughly. 

[0169] As shown in drawing 29 . there is a probe 77 connected to the test jig which is not illustrated. This probe 77 
supports a semiconductor device 160 while supplying a test signal to the. semiconductor device 160 concerning the 
gestalt of the 2nd operation. In order that a probe 77 may support a semiconductor device 160, it is made thick 
toward the part of a bottom from a part for the point which is contacted by the terminal 70 for a test and supports 
a semiconductor device 160, and the rigidity is raised. The rigidity is set as extent which torsion and a deflection 
can mitigate to the range which is substantially satisfactory, respectively, when a semiconductor device 160 is 
supported. 

[01 70] At such a circuit tester, in the condition of having turned the loading side of the chip 1 0 of a semiconductor 
device 160 for the semiconductor device 160 down, a semiconductor device 160 is supported at the same time it 
contacts the terminal 70 for a test to a probe 77. For this reason, possibility that the pewter bump 40 who becomes 
an external terminal will contact neither a probe 77 nor the test jig which is not illustrated, and the pewter bump 40 
will get damaged like the 1st and 2nd circuit tester can be made small. 
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[01 71] Next, the semiconductor device of the ball grid array mold concerning the gestalt of implementation of the 
3rd of this invention is explained. 

[0172] The semiconductor device of the ball grid array mold concerning the gestalt of this 3rd operation is made 
into configuration where the terminal for a test is another, according to the gestalt of the 2nd operation. 
[01 73] Drawing 30 is drawing showing the condition of having separated the semiconductor device of the ball grid 
array mold concerning the gestalt of implementation of the 3rd of this invention from the resin plate 60. and the top 
view and (b) drawing which looked at (a) drawing from the chip loading side are a top view when removing a chip 
from (a) drawing. 

[0174] As shown in drawing 30 (a) and (bX the terminal for a test For example, there is not necessarily no need of 
being made the shape of a square with an area larger than wiring as shown in drawing 25 (a) and (b). Wiring in a 
carrier which connects the conductive connection object 44 and the pewter bump 40 of each other is selectively 
exposed from the resin layer 46, and it may be made to make the part of exposed wiring in this carrier into test 
terminal 70*. 

[01 75] Next, the semiconductor device of the ball grid array mold concerning the gestalt of implementation of the 
4th of this invention is explained. 

[0176] Drawing 31 is the sectional view of the semiconductor device of the ball grid array mold concerning the 
gestalt of implementation of the 4th of this invention. 

[01 77] As shown in drawing 31 , the terminal 70 for a test may not be formed in the outside of the resin layer 46. or 
may be made to be covered with the inside of the resin layer 46, or the resin layer 46. In this case, since the 
terminal 70 for a test will be hidden by the resin layer 46. the test of a chip 10 is performed before forming the resin 
layer 46. And a test is good to be carried out before carrier schedule section 20' is separated from the resin plate 
60. When it does in this way, the resin layer 46 can be collectively formed after a test with two or more equipments 
connected and stopped to the resin plate 60, and it is efficient. 

[0178] Next the suitable resin plate for the semiconductor device of the ball grid array mold concerning this 
invention is explained. 

[0179] It was what is explained by the gestalt of the 2nd operation, is thick compared with the flexible tape used for 

a TAB method etc. with the resin plate 60 used for the gestalt of the 2nd - the 4th operation, and cannot deform 

easily. And as thickness of the resin plate 60 is thickened, it can be made hard to transform and the terminal 70 for 

a test, the socket electrode of a circuit tester, or contact precision with a probe becomes better. 

[01 80] However, if thickness of the resin plate 60 is thickened in order to make the resin plate 60 hard to transform. 

cutting for separating carrier schedule section 20* from the resin plate 60 shortly will become difficult 

[0181] they make easy cutting for separate carrier schedule section 20 * from the resin plate 60 , and be to provide 

the semiconductor device of the ball grid array mold concerning the gestalt of the 2nd - the 4th operation of this 

invention with an especially suitable resin plate , the main objects of the resin plate explain from now on cancel the 

above-mentioned point , and make good the terminal 70 for a test , the socket electrode of a circuit tester . or 

contact precision with a probe . 

[0182] Drawing 32 is the perspective view showing the 1st resin plate. 

[0183] As shown in drawing 32 , in order to make cutting easy, there is resin plate 60a by which thickness was set 
as 0.6mm - about 0.9mm. Although the thickness of resin plate 60a to which cutting becomes easy changes 
variously according to the class of resin, by the resin of an epoxy system, its thickness is [ 0.6mm - about 0.9mm ] 
desirable. In this example, resin plate 60a considered as the epoxy system, and that thickness was set as 0.6mm. 
The broken line shown by the reference mark 68 shows the cutting part among drawing. 

[0184] In such resin plate 60a, it can twist at the time of handling and problems, such as a deflection and camber, 
become easy to arise. Then, along the edge of resin plate 60a, reinforcing materials 80-1 were formed in the chip 
connection side, reinforcing materials 80-2 were formed in the component side, and resin plate 60a is reinforced. In 
this example, thickness formed reinforcing materials 80-1 and 80-2 by the resin of an epoxy system by 1.2mm. 
respectively. 

[0185] The terminal 70 for a test is pulled out on reinforcing materials 80-1. and the terminal 70 for a test was 
formed in the field which cannot deform most easily in the resin object 60. 

[0186] By forming reinforcing materials 80-1 and 80-2 along the edge of resin plate 60a. respectively as it is such 
resin plate 60a, resin plate 60a can be made hard to transform, and the terminal 70 for a test the socket electrode 
of a circuit tester, or contact precision with a probe can be made good. 

[0187] And cutting for separating carrier schedule section 20* from resin plate 60a can carry out easy [ of the 
thickness of resin object 60a ] by being thin to about 0.6mm. the time of especially cutting — cutting — public 
funds — the load applied to a mold can be made small. Therefore, suitable resin plate 60a can be especially obtained 
to the semiconductor device of the ball grid array mold concerning the gestalt of the 2nd - the 4th operation of this 
invention. 

[0188] Drawing 33 is the perspective view showing the 2nd resin plate. 

[0189] In 1st resin plate 60a, the terminal 70 for a test makes it correspond to two of the four sides which a chip 10 
has. and is formed. In this 2nd resin plate 60b, it is made to correspond to all the four sides that a chip 10 has. and 
is formed. 

[0190] As shown in drawing 33 . by the thickness of 0.6mm. the perimeter of the cutting part 68 of resin plate 60b of 
an epoxy system was surrounded, reinforcing materials 82-1 were formed in the chip connection side, reinforcing 
materials 82-2 were formed in the component side, respectively, and the resin plate 60 is reinforced with this 2nd 
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resin plate. In this exannple. thickness formed reinforcing materials 80-1 and 80-2 by the resin of an epoxy system 
by 1.2mm, respectively. 

[0191] Like the gestalt of the 1st operation, the terminal 70 for a test is pulled out on reinforcing materials 80-1, 
and was formed in the field which cannot deform the terminal 70 for a test most easily in resin object 60b. 
[0192] Even if it is such resin plate 60b. it can be made hard to transform, and while the terminal 70 for a test the 
socket electrode of a circuit tester, or contact precision with a probe can be made good, it can carry out easy [ of 
the cutting for separating carrier schedule section 20' from the resin plate 60 ]. 
[0193] Drawing 34 is the perspective view showing the 3rd resin plate. 

[0194] In 1st resin plate 60a, reinforcing materials 80-1 and 80-2 are formed in resin plate 60a and one. 
respectively, and reinforcing materials 82-1 and 82-2 are similarly formed in resin plate 60b and one by 2nd resin 
plate 60b, respectively. 

[0195] Thus, even if reinforcing materials are formed in a resin plate and one. they may be used as a respectively 
different member. In this 3rd resin plate 60c. reinforcing materials 84-1 and 84-2 are formed in resin plate 60c free 
[ attachment and detachment ]. Thickness formed reinforcing materials 84-1 and 84-2 by the resin of an epoxy 
system by 1.2mm like the time of the 1st and 2nd resin plate, respectively. 

[01 96] As shown in drawing 34 . reinforcing materials 84-1 and 84-2 use stops 86-1 like a screw, a washer or a bolt, 
and a nut, and 86-2. and are stopped by resin plate 60c. Stops 86-1 and 86-2 put resin plate 60c by reinforcing 
materials 84-1 and 84-2 through the tooling hole 64 of resin plate 60c. 

[0197] Moreover, since reinforcing materials 84-1 are put on resin plate 60c. the terminal 70 for a test currently 
formed on the chip connection side of resin plate 60c will be hidden by reinforcing materials 84-1. For this reason, 
the aperture 88 for exposing the terminal 70 for a test from reinforcing materials 84-1 is formed in the part 
corresponding to reinforcing materials's 84-1 terminal 70 for a test so that the terminal 70 for a test can be 
contacted in the socket electrode of a circuit tester, or a probe. 

[0198] While such resin plate 60c can also make good the terminal 70 for a test the socket electrode of a circuit 
tester, or contact precision with a probe, it can carry out easy [ of the cutting for separating carrier schedule 
section 20' from the resin plate 60 ]. 
[0199] 

[Effect of the Invention] As mentioned above, the semiconductor device which according to this invention has a ball 
grid array mold or an external terminal according to it and has the structure which can reduce a manufacturing cost 
with the miniaturization of equipment as explained. The semiconductor device which does not need to hurt a ball 
grid array mold or its external terminal according to it before mounting equipment in the circuit board. A 
semiconductor device with the structure where continuation manufacture is possible and compaction of a 
throughput can be aimed at, The semiconductor device which can give a long life to the connection object for 
connecting mutually the terminal of a chip, and the terminal for connection of a chip carrier electrically. The 
manufacture approach of a semiconductor device of having a ball grid array mold or an external terminal according 
to it and having the structure which can reduce a manufacturing cost with the miniaturization of equipment can be 
offered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rPrawing 1] Drawing 1 is the sectional view of the semiconductor device of the ball grid array mold concerning the 

gestalt of implementation of the 1st of this invention. 

[Drawing 2] Drawing 2 is the state diagram of a Sn-Pb system alloy. 

[Drawing 3] The top view of a carrier connection side and (b) drawing are a sectional view where drawing 3 is 
drawing showing the semiconductor Integrated circuit chip shown in drawing 1 , and (a) drawing meets the b-b line 
of (a) drawing. 

[Drawing 41 For the top view of a component side, and (c) drawing, the top view of a chip connection side and (b; 
drawing are a sectional view where drawing 4 is drawing showing the chip carrier shown in drawing 1 . and (a) 
drawing meets the c-c line in (a) drawing and (b) drawing. 

[Drawing 5] It is the sectional view in which drawing 5*s being drawing for explaining the typical example of 04 

technique, and having shown (a) drawing and (b) drawing in order of the connection process, respectively. 

[Drawing 6] h is the sectional view in which drawing 6's being drawing for explaining other examples of C4 technique. 

and having shown (a) drawing and (b) drawing in order of the connection process, respectively. 

[Drawing 7] It is the sectional view in which drawing 7's being drawing for explaining the example of the example of 

04 technique, and having shown (a) drawing and (b) drawing in order of the connection process, respectively. 

[Drawing 8] It is the sectional view in which drawing 8's being drawing for explaining the electric connection with the 

chip of equipment and printed circuit board concerning the gestalt of implementation of the 1st of this invention, and 

having shown (a) drawing and (b) drawing in order of the connection process, respectively. 

[Drawing 9] Drawing 9 is drawing showing the property of the resin used for the resin layer. 

[Drawing 10] Drawing 10 is drawing showing the relation between temperature and distortion of a bump. 

[Drawing 11] Drawing 1 1 is drawing showing the relation of the distortion and TOT cycle of a bump. 

[Drawing 12] Drawing 12 is the sectional view having shown the condition of mounting the equipment concerning the 

gestalt of Implementation of the 1st of this invention in a mounting substrate. 

[Drawing 13] Drawing 1 3 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 14] Drawing 14 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 15] Drawing 1 5 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 16] Drawing 1 6 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 17] Drawing 17 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 18] Drawing 18 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 19] Drawing 19 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 20] Drawing 20 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 21] Drawing 21 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 22] Drawing 22 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 23] Drawing 23 is a sectional view in one production process of the equipment concerning the gestalt of 
implementation of the 1st of this invention. 

[Drawing 24] (b) drawing is the top view which drawing 24 is drawing showing the semiconductor device of the ball 
grid array mold concerning the gestalt of implementation of the 2nd of this invention, and looked at (a) drawing from 
the component side, and a sectional view which meets the b-b line in (a) drawing. 

[Drawing 25] The top view and (b) drawing which drawing 25 is drawing showing the condition of having separated 
the semiconductor device of the ball grid array mold concerning the gestalt of implementation of the 2nd of this 
invention from the resin plate, and looked^at (a) drawing from the chip loading side are a top view when removing a 
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chip from (a) drawing. 

[Drawing 26] (b) drawing is drawing in which drawing 26's being drawing showing the form of an index, and (a) 
showing a radii-like index, and drawing showing a hole-like index. 

[Drawing 27] Drawing 27 is the sectional view having shown the 1st circuit tester roughly. 
[Drawing 28] Drawing 28 is the sectional view having shown the 2nd circuit tester roughly. 
[Drawing 29] Drawing 29 is the sectional view having shown the 3rd circuit tester roughly. 

[Drawing 30] The top view and (b) drawing which drawing 30 Is drawing showing the condition of having separated 
the semiconductor device of the ball grid array mold concerning the gestalt of implementation of the 3rd of this 
invention from the resin plate, and looked at (a) drawing from the chip loading side are a top view when removing a 
chip from (a) drawing. 

[Drawing 31] Drawing 31 is the sectional view of the semiconductor device of the ball grid array mold concerning the 
gestalt of implementation of the 4th of this Invention. 

[Drawing 32] Drawing 32 is the perspective view showing the 1st resin plate. 
[Drawing 33] Drawing 33 is the perspective view showing the 2nd resin plate. 
[Drawing 34] Drawing 34 is the perspective view showing the 3rd resin plate. 

[Drawing 35] Drawing 35 is the sectional view of the semiconductor device of the conventional ball grid array mold. 
[Drawing 36] Drawing 36 is the state diagram of a Sn-Pb system alloy. 

[Drawing 37] Drawing 37 is the sectional view showing the process which mounts the semiconductor device of the 
conventional ball grid array mold in the mounting circuit board. 
[Description of Notations] 

10 — A semiconductor integrated circuit chip. 12 — A pad, 14 — Silicon oxide. 16 — A barrier metal layer. 18 — A 
pewter bump. 20 — Chip carrier. 22 — The pad for chip connection. 26 — A barrier metal layer, 28 — Pewter 
bump. 30 — The wiring layer in a carrier, 32 — The pad for mounting circuit board connection. 36 — Barrier metal 
layer, 40 [ — The layer of flux. ] — A pewter bump, 44 — A conductive connection object, 46 — A resin layer. 50 
60 [ — Index. ] — A resin plate. 62 — The slot for cutting, 64 — A tooling hole. 66 70 [ — An installation hole. 76 / 
— A socket electrode. 77 / — A probe. 80-1 80-2 / — Reinforcing materials, 82-1. 82-2 / — Reinforcing 
materials. 84-1, 84-2 / — Reinforcing materials, 86-1, 86-2 / — Stops. 88 / — Aperture. ] — The terminal for a 
test. 72 — A test jig. 74 — An insertion hole, 75 
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raii, S9f2^s'^SrmiB^S'7'=SE-^y7'JCH^-r5fc* 

[0 0 2 7] ±l5l|2(DS6t)SriS^-t-5fcfetc. 
|^-Cfi> Mfa'9=-s/>^^-^y Tie, BufS^s'T'iSrx;^ h-f" 

[0 0 2 8] JilE||3(Oi6<)$ra^-r2.fc*»C, ^(0^ 

30 [00 2 9] ±fam4©Sfi<)Sril^i-5fc»tc:. rcO% 

fE/O-r^tJisKoai/S J: t) i6;< . l8iBgJ»#.ISdS 2 0 p p m 
/"C~ 7 5 p p m/'C(D«Sffl. ^l/ifm> 3 0 0 0 P a 
~ 9 5 0 O P a <D<Sffl»C*>5 <>(D;i»b«A/^*w t Sr#« 

[0 0 3 0] ±IE^5<De«)Sr^^i-5fc*tC, 

i^«cm^«3icSJ^U. m^-yyi:til^i^^yzf^^lfT 
^ 5/ ^ i: tfrlS^ ^ y T <0|^^<DgFB^ $ 

^^yTtcHjeb. ^fcjcwiEf^yr^^yTtc, ttis 

50 10 0 3 1] 
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1 0 0 3 2 1 la 1 (i, :i (D^BJCOH 1 (DmM<DmMi^^ 

V h'TU-^ (Ball Grid Array : BGA) 

m<o^i^mm.<Dm^m. m2i±. (sn) 
(Pb) ^-g-^<oifc^ia-^*>5. 
[0 0 3 31 0 3 tt. mi iZTHi-^mi^Mm^^ 

0, (b) Hlfi (a) [21©b-bi^lce5»fffi0t?fe 

(a) 0»if=-s/y«)g^ffi©¥ffiiii. (b) m\imm^<D 
¥Bia. (c) i2i(i (a) ia*5j;t;5 (b) m'¥<oc-c 

[0 0 3 51 1213 (a) *JJ;U« (b) fC;T^i-<t 5 # 

fci|s.*^*:^SIiHi?Sf^s/n o*sfct). rrof^yr/ioro 

y:fi0(O^-rD T^Si^aStt, v- y => >'^'(t:^ ( s i o 
2) 1 4»j:J:«JSt>ti'-c*s«3. r©->y 3>'K'ftJBI (s 
i02) 14{ctt, Kl ^O^ffiSrSmS-e-^fc* 

-*<D*ffi±JCf4, «IB|;ttf=s"5r/V (Ni) ''.C t**-&tf^^ 
j;T;»f;*'/vS 1 6 Sr^ UT/>>'^^>'<i^7' 1 Si^l&^tl 

[0 0 3 61 04 (a) iSXlf (c) iC^i" i 5 

fw. ±fSf^s/7'l 0Sr«^ir5fcfe©^"y7'df^yT2 0 
r(7Df^s/7°^^ y T2 OtO^j/r^^Si^ffit'Ji. 
±IE^-y7°l 0 Kl 2'e^^-e^^lc:M^&$t^fc^s/ 
T'StiEffi/N's/ K2 2;6SJi^^$tuTl^5. ^s/^S^ffl/^ 
y K2 2'fr*«)*ffi±»c:tt> Mx.fi=^ y'Jr/V' (Ni) Jfe 
i?Sr^tP^^y T;?<^>'l'Ji2 6 Sr^LT>'>>'^''/^>'7'2 8 

[0 0 3 71 134 (b) isXXf (c) {C^-t-ip 

'9^s/>^'Sr^yT2 0<D||^aDtwtt. ilB^S'T^^^ 
ffi^<s/ K2 2tc. ^•y:f^^VT2 0^\zm^^Mc^ 

y Trtiais* 3 0 sr:n- vxm.%6^\zmm^titcMmm 

iai»S3 0fi. f=-s':/:¥^yT2 0©^y7^i|gffi±»c 

mmmmamm m^'^-r) . ^y^^^DT2o<Dm 

2 OrtJcJi^fig$tv5l^lf|5gailS^, ^-;/7'df^,yT2 0JC 
BSitIJi i: iiartgSBEijftJi i: SrHV Mcgj^i-SfiE^l^lga 
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[00 3 8] mmm^mm^fgi^^< k 3 2 o«®±tc 

fi. ±^i'^^yym^m^<yV2 2tmmz. 0il^t£~-y 
-Jr/v (Ni) ?^j:irS:-^tp/<y T^^/w€3 6Sr:<^LT/^ 

tt, f^s/7'iiPYyT2 own^ffitw. n?^m»-iafi$tb 

10 [0 0 3 91 /ji*5, ^^>'y^<>'::^3 8(OttJ|Sf<D»*LV^ 
— D<D{?iItt. Sn-Pb^-a-^«^<Cd>T-B4j^;d5^t><g:t"' 
S n 6 3 w t . %/? b 3 7 w t . %cO*S/'N>'^T*fc 
5o :ittf±, ilE/NV^^/^V'T'l 8. />>'^^/<>'7'2 8 
i:l^a®«-Jts|--Cfc5o 

[0 0 4 01 fits, m4 (a) »C;t^$*XTV^5— -^^i^ 
4 2f±. ±|S^s/n 0;6S«-&e)i^5E*^S^^U•CV^ 

(0 04 11 r(^«SJ-e»i, ^y^l 0\zm^^i^t^^-^^^ 
^^^■lyfi^t. ^-;/7'=3f-^y r 2 otcjKfiK$tvfc/^:x 

^<Ol(im\-t. (Sn) -fS (Pb) ^^^l^^Xlh 

■So -^-cOffljsfecDifF^LV^— O<0«?ijfi, Sn-Pb^-a-^ 
<Dfii)^XmM.1>^^h^<^£^Sn&3^ t. %/'Pb3 
7wt. %«*fi/NVyT'fc^), 3ltfix5/>vy(0*t3|Ef 

^^i)^. Sn-Pb5R^^>'y^ffl^^■5t#^-l4^ ^©Bi 

n63±10wt. %/P b37±10wt. %SA<0 
iS^©^©:^^^^ roDfEHWS n-P b^/•^>'^■C*> 

30 titf. |g|2ro4^^iaf-^-t-J; ^:©i»-^Sr^2 2 O 
t:WT{C-e#. ^^-y:/! 0*JJ:t;55^s/7'=Sr^ y T2 OtC 

(0 0 4 21 r(0^i©lli6©JJ^tlS»c#5^g<o 
'5^s/7'^-r yT2 0(rf±, T>'^?■:^■fe7 5 s'^'SS.tt) 

©{t!i, ^ y 5 v^mm. 7 ^ / b t u- 

(00431 B13lC^bfe.'f-y:^l 0 tm4\Z.^l,1tf- 
y'^^-Y]}T2 0t^. 8 
r2 8 iSrSV^(c-&i5:$-*5, -^ife$^^fc/^vy/^>'7' 
1 8tJj;t/^>:/^/<V7'2 8f:i. 8 3'CW±. Mx. 
ff2 2 0'C-C*ll2S>Ba. f?&S:-¥-x. -tix-eix^d^i-c - 
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t ^s/y^-^ y T 2 0 i orB^co^P5{ci»j!isr?E«-r5 ;i 

[0 0 4 41 ±lc9f^=Sr*i-5*^^^eT*fc5i:. * 

S?i^^m^4 4 Offl^rgfi. S n 6 3 w t . b 3 

7w t. %W*a-C*fo5„ 

[0 0 4 5] ::Wi5^Cg|i^««^t^4 4;4S*^/N>'^ 

[0 0 4 6] ^fc. mmm-w^A A(omm.\-i~. ^x* 

V7'2 8 ?r^*i.^iT^*»LTg^lglffla|^«c4 4?r#5fc 
[0 0 4 81 Zh,hiDmJ^X^. ^mS!i^{*4 4f*. 

10 0 4 91 ::o^*tioi/>T, $feJiP)Wlctft9^-t- 
[0 0 5 01 >'>>'^^>'<^'r/"Srffii/>T, 'Ty-fn/^ 

Kl;::S5Si^^^>'^^^^>'7'SrSt»J#ltfc. C4 (Controll 

ed Collapse Oiip Connection ) 4#(C#^'Cfe 
•5. C4S^P^-o^^T^4. *H#fF^4. 8 2 5. 2 8 
4-§-^» Microelectronics Packaging Handbook, Van N 
ostrand Reinhold, New York, 1989. p.368 JcM^$iX 

[ 0 0 5 1 1 HI 5 (i. C 4 S^S<7?^S6<]/<eCaj?rIfePJt-5 
fc«)(Dg|-e, (a) H*3J:TJ5 (b) ElJi-tH^'tuSi^I 

[0 0 5 21 *-fx 0 5 (a) (C;^-f i ^s/y'O 

^^°S' K3 0 OtCtt, iSffll^/^>'y/'^V7•3 0 2*5Ji^fig;$ 

tl-TV^-S, i•iS!;S^^V^^^±. Sn3wt. %/P b 9 7 
wt. %©«U*Xfc5. :l<Dii5i»^/^i^^^/<V7'3 0 2 
Sr, -Ir y $ :/ S«©g!iglEffl>'-« y K 3 0 4 ©±tc:*5 i 

[ 0 O 5 3 1 ^iSiSr^fe^c^, 1215 (b) JC;^-f-J; 5 
fc, ig|ill;^^>:^y/^i^7'3 0 2S:y7a-i-5. 

:^:7'3 0 2 SrS-fbS-BrS, 

[0 0 5 41 w«J:5JieC4a^ff-efc5i:. /^s'K3 0 
0 i:gEiggffl/-?s' K3 0 4 i:«r3imi4Sigg«t3 0 etcj: 

0 6 tt. S n 3 w t . %/P b 9 7 w t . "/oXfoiiiJffli 



(00 5 51 Sn3wt. %/'Pb97wt. 

»-iaft*STdS-5i:, :^-fs affi. S n - P b -^^-Ctt. 

Pb(Dii$fB;i5*TaL, ^(O^tC, a + l3tB. Sn-Pb 
-g-^-T?f±. Snt Pbi:;«5SD»)fcofc^fB;d5-eT<5 
(|§12<DS n-P b-&^04^liiaSr#M) o wOfc*» 
^:0!gfefflfil»;:fl, it^^Pb^JtWifeSi:. S n P 

bi:*sigti9-g-ofc*§Si:d5}l^t-r5J;5(-^i5o Z.a:> 

iiS^<l:fcJ:o:»*IB'fb;i3iS^. ^mi4«)^t*^ 3 O 6 ;6sm» 

[0 0 5 61 mse<}'icC4SW-c«. rw^io 

[0 0 5 71 06f±, C4ft$lf(Dte©fi»|=Srt5iWf-5fc* 
©Bit?, (a) liId3J:T/ (b) latt-frH-Fti^fcXeW 

[0 0 5 81 I2i7f*, me t^i^\zc4^m<om<om^ 

^W-t-5fc«)®0T?, (a) lajoj;^! (b) mti^in'e 

[0 0 5 91 06 (a) (C;55:-t- J: 5 iC, 1115 

(a) \zts\,^xn^vitjf^t±<f^ci><o-Qhimm^ 

/N>'^/<V7°3 0 2 ^lr=rLfc^S'7';65fo5o "t^ 

k hK^mm^<i' K3 0 4 ^*Lfc<»/iia«*5fo5. - 

«)«J!iStEOSi^ffl>'-«s' K3 0 4<0±fCf*, i&mj^<0^ 
^/NVy/^VT'S 0 8;65?^^$tl-T(/^5o SSiK/^/^V^^ 
/^vT's 0 2©{ii:fiSr, B15 (a) ^cis^^TSi!^ bfci 
5{-Stfefc^, 06 (b) J:5J-, 
i'TTS 0 8Sry 7u— r©^. jaSSrfifjatJR 
y 7CI-$i^/t*S^^i^^^/<>'7'3 0 8Sra^b$* 

[0 0 6 01 :i<OJ: 5itil<OC4fitWXfc-5i:, ^^^^ 

tmm^-'^^y K3 0 4 i:^^v^^c:Si^x#5fc^^)^-, ■(£ 
SX©g^iK^Sr^mx#. ^s':/^«iK-r5fc*©S^»^ 
mmW^<Dh<o^^m-t?>zti)^X^^o tats. roJ:5 

/j:C4ftWf*s Proceedings of ECTC. 1993. IEEE, p. 1 

82~p. 186 (cM^$i^T^''5o 
[00 6 11 /^y K3 0 0 K3 0 

4 1 i:K\^>iz^m-r^mmmmmi^3 o e {cf±, s n 3 

wt. %/Pb97wt. %<D^-^i:. Sn63wt. 
%/Pb3 7wt. %©-g'^t©*#3 1 OSr^-fSo 
[0 0 6 21 rcDi 5»-fl&OC4fi[^pXtt, '(&iaX^D/^ 
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0 0 bWScm^^y K3 0 4 i: Sr5vMwSiK-t-59S«14^ 

iBg«c3 0 6{C. M'fcofc^iRi?5 U<^«^3 1 OSr^-r 

10 0 6 3] hZ. -5>T?. ^^{ij£g*$iat©:$)-|f -Ctt. 

c>t^6>#*t' J:oT. El? (a) tc^-TJ; ^t^^N:^ 

[0064] /h$t,>#S^N>'^^-'^>'7'3 0 8t;::J:«9#e> 
3 0 6 T'fi. 0 7 (b) JC^RPPAtCS^ 

3 0 8 dS/h S 1/ ^ i^^^(Dfi*s/>/j: <fi^. i^lk 

u-^-r I ^as^j-^s fe 5 i: , armttSEi^* 3 o e ©ss* 

[0 0 6 5] m^wi<owMv^mz^^^x. ^m-tt 

[0 0 6 6] L/c:65oT, ^immm.Wi-t. mi (b) 

[0 0 6 7] 1218(4. Z.<r>^m(0'^l<^M^iDmWiZ^ 

-t-5fc«)«>ig-e, (a) I2i*ij;a5 (b) latt^rti/^ii/Sf 

[0 0 6 8] 1218 (a) \z.7Mr i:o\z.. 1213 (a) fci 
TJ! (b) K:*si/^-Clft?^bfcJ^i:^<l^i:t©-e*)5*© 
/Ni^^^/O':;/'! SSr^Ufc-^y:/! Oi:» 04 (a) 
(c) tctJV>Tfi!^Lfc?i5i:^< mctcDT-feS* 
vy-'^V'T' 2 8 Sr* LfcT' y hS« 2 0 ;6Si9 2)o 
SWttfllSrStftfem. 08 (b) \z 
*i-J;5lc. *||/^i^i''/<>'>^i 8, 2 8 0jK*?ry7 

4 4 ?&#5o 

[0069] rwJ;5 5!e^s'7'i:7'y vhS1gi:©m» 
■ei^y 7D— i-5ri:-C, /^'y Kl 2i:^)^ffl/<s/ K2 

[0 0 7 0] mmjAwmA Anif^mt. mifi 
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[00 7 1 ] $ bJC, ^mtt«)gc«:4 4 f4^T. S n 6 

3 w t . %/P b 3 7 w t . %0#taxN>':Ji'©;^>.-C«fife 

[0 0 7 2] UA»t>. Sn6 3wt. %/Pb3 7w 

T) f-ta«*5T;iS-o-Ct>. a^e, BP*>P b(0*gSA5^tc: 
^rffl-f-Sr i:fi:'i:<> a + e^S, fiP*>S n t P b t 
D!5feofcifeft*s-eT< 5 (122 0 3 n-Pb-g-^<D:|^ 

[0 0 7 3] J;o-Cs :L<n>^m<r>%\<Dmss,<DWM\z^ 
5^e*s^to««iftg5i^flE4 4-en, flH«)<c;^ h 

[0 0 7 4] t*j^A^, S'iofc^JSi*? bco^^ds^i 
t''OD-C% 1217 (b) \z.^^K\z.n^^i\.^iiof£<x^i\.1t^ 

[0 0 7 5] /i*5, ^1-gl5ffi^i:'i5/^>'^/^>':/4 0. 
iESnaSwt. %/Pb37wt. %<OSn-Pb^ 

[00 7 6] ~7C^^^-e»4. I n 5 2 w t . %/S n 

4 8wt. %©In (-O'i^lJ'A) -Sn (:^X) ^* 
^>'^>':J''v B i 5 8 w t . %/S n 4 2 w t . %(DB i 

-Sn C^^X) Sn9 1w 

t. %/Zn9wt. %©Sn (;^X) -Zn WIS) 
3^*fi''>>'^^v Sn9 6. 5wt. %/Ag3. 5w 
30 t. %<OSn -Ag (^) Ih^^B^^^-y . Sn 

9 5wt. %/Sb5wt. %©Sn (^X) -Sb 

[007 7] Hx;^-&^-Cf4. S n 6 5 w t . yo/A g 
2 5wt. %/SblOwt. %OSn-Ag-Sb^ 
*fi>'>>'y. Sn9 5. 5wt. %/Cu4. Owt. 
%/'AgO. 5wt. %©Sn-Cu -Ag^* 

[00 7 8] K5E?^-&^-C(4. S n 9 7 w t . %/C u 
2wt. %/SbO. 8wt. %/AgO. 2wt. % 
40 C!>Sn-Cu-Sb-Ag3S*S/>>'y'5CifSr«e5:it 

[0 0 7 9] /j:*5, :li^6><o*S/^v^^c^3V^Tl>. S 
n-P b3^*^^^Vt5^i:l^#»c, ± 1 0 %aa[W«ffiffl^i 

[00 8 0] 121 9 (4. 4 e »C^V^?>tufc:<»flifiOi^ 

^^n^-tm. I21l0tt, (^SttS 
i^«!:4 4) coS;9^i:©Bi#2r^-fl2|-^fc5. 

[008 1] 1 ©^Jfe®Jl^fl8fc:«5^tE-e 

f4> «tfli^4 6Sr, ^y:/! 0 t f^s/y^=3e^r y T 2 0 t 

60 (Drra«>^ra{-, ±iB*mttS!i^{*:4 4w®fflSrH? ±5 
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9tj:^-t-j;5 5&^i^^^E, mmm^ma. itmzmi 

0 ic^-f-J; 5 f£:ify:^^^M.T g SrJ^o4o««jmA, 

[0 0 8 21 ^«)J;5'^i«ffll^4 6SrlSlt5iS'JcS6<) 
O— Dfi^ 0i:^y7'=¥^ryT2 0 t<DW(D^ 

ra$r3- h UT^j/^^l OSr^S':7':3f--¥ y T2 0»CB^ 

[0 0 8 31 ;iroJ:5Jte«)Sr^^-r-5fc»Jc, mf&M 
4 6©i|»|gfi. EsjsiTJsigi Otcs^-TJ; ^iffl^SS 
^ft^aSr2 0 p pm/*C~7 8 p pm/"C. :if9;^e# 
^TgSr 1 O 0~2 0 O'C. ^i^^''*EdS3 0 O OMP 
a~9 5 0 0MPa (^ffl) fC|aS$ixfct>©Sr3SA/ 

[0 0 8 41 ±fE:;!f7;^fe^-^Tgitt. SMX- 

[0 0 8 51 Pb<f±, ^»ligg4 6^«figbfcWiigA. 

[008 61 fcfc ±IBSS#*i^^4a J;t;5^4^:5^(0 
^W»t-ol,>-Ctt. ^E^ro^'frfiSr, 4 0wt. 
T, 0iJ^tf3 8wt. r|Xf±. 

3^**5 4 o w t . %eA± t ^ t . mmcoim'^i^^^ < 

Jfct), f^-s'T'l 0i:5^s'7'=^r^yT2 0i:©racc>^M. 

[008 71 jfejs, mm\^y^ y-t vxi&^^^Mts 

XXfmii)i^nt:mh'BK4 0yf t. %~7 5wt. %®*5 
ffl-C^*$*5ri:fcov^t:(i. ?|eH#llFS^4. 9 9 
9, 6 9 9-i-fcM^;SSfc5„ 

[0 0 8 81 lai otctt, tafEt^N^-y^^v:/ (^JS-tt 

^UW4 4) (D5^t<Dj|#*S40<Di»J!BA. B. C» 

[0 0 8 91 mi o\zmirxoi^. mmm4 e^mvx 
/jN $ < Jic 5. mmmmi^ 4 4 ©s^^s/jn $ < 5 1 , 

>^^y7n— ^ic, ^^s'T'l Ot^s/y=;^^yT2 0i 

[0 0 9 01 Sbtc^mi±S«l«^4 4<DM;9-*, J;t)/h 
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(D^yy^HmM-T e. mi 5 ox.) J;t)t>iSv^^^flgc, 
D ^Stf tvS r i: \ ^mttSl^l^ 4 4 <D^^ 

f^E4 4l:itt«^i2^Wii*n*5'^C''^ 
10 [00 9 11 lai ifi. ^'«>-:7°<^^^^TCTi^'f'<!';i' 

twBa#sr^-f-iii-c-*)?>o mi l^-*3v^-c. ^m«4 6 
S:i^fc>icv^i$«©lli^iS*i± "O" fpjcifjT'D h$ 

[00 9 21 El 1 1 idtt, 4o(oiigiwj^**s;en-eiv 

[009 31 ^1 (OHifett. mi^m 4 6 «:l#fc>feV^^IS 

v^/^vT* (*mi4«igc<*:4 4) (D-m^^mit^'^fcm: 

[0 0 9 41 ^l<?3|llfetCOV''T<DS^LV''SiWtt=a'l»&-t- 
5*5, «/lg«4 6 Srl^fc/iV^^it-ettv ^»Ji&«4 6 

[0 0 9 51 ^2<oll^fe©ife*^'ov^-csie«-^- 

5. _ 
30 (0 0 9 61 M2(^ll®IT'f4, /Ni/^/^>-7'<0,H,$ hSr 
3 0Mm» 50 Aim, 8 0 ^ mtC Lfc 3 oggSr^ffi U 

A (E=34 79MPa, a=74ppm/'C) Srffl 
t^, 'i-y-f^^ y T 2 0 »Cf4. aW^»fli;iS3i7K=^rv'^-C 
5 F R - 4 i: iq^fftvS t) <0 Sr^tv^nffl ^ ^fco 
[009 71 011 ic^-t J: 5 ic, :i<D|l»-e(4, ^^i^ 
^'■/•^V7'4 4Wig$ h>65, 30/im, SOmhi, SO^i 
mtia^-StJlott-C, /N>'y/<>'7'4 4*5Si?^ll<''£5 
«|6]d5Sit>e>tufc. :i(^«lpl*^fef4, /N>'i5^/<>'7°4 4 

x>>'^'/<>'7'440ffi$h^fc5eSiii<i"5- 

t-^, 'i-vyiQh^yf^^^}T2o}i<D^mw^^ 

S>5 V ^f4'9^ s/7'lOt^5':/=¥-vyT2oa: (D^coST^ 

(Dmma^h^mmiz^ < u , st^gs 4 6 (Dm^^^j:?tk 

fc5>/^J4^^>'^^^<>'7'4 4«?#fll*Si55@ 
a[:*:#<^j:5:ii:-c, ^^^'^/^>'7'4 4 i#:<o«l«6?)3fc 



1#MV9-92685 



13 

[0 0 9 81 m^. ^3<0|ISfeWJfe*t-OV^-Clfte^i- 

[0 0 9 91 H 3 ©Hillc-^i^ixfcasett, /^i^^^/^:^ 

^L. ttti!ig4 6<Ditl!iSr. ±IS«tJlB (E=5 8 6 7 
MP a, a = 4 1ppm/*C) > ±IE1»JliC (E=6 0 
50MPa. a = 36ppm/'C) , JilBWJJMD (E = 
9408MPa, o = 23ppm/"C) i L;fti3o<0^ 
rixP>3o<D^gO'^y7'=^^ryT2 0 
lcttFR-4Sr^V>fCo 

[0 1 0 0 1 ig 1 1 \z.7M-i. 5 «tJ!SA, miHB, m 

flgc, «J!iD<D«-e. >'N>^''/-«>':^4 4*sili?fJi</j: 

[0 1 0 1 1 jJcJc, :^4o^llglo^*^c•o^^-c^K-t- 

[0 10 21 ^4(0^i^-ett, /Ni/y/^VT'wiaShSr 
2 0/im. 4 0 Mm{Cbfc2oO^B;65^ffi$tl.fc„ ^ 
2 o©^go;»flig 4 6 <0^»flitC»*WflgA!65, ^ fcs 
y T2 OtC|4T/V5i-fe7 5 s/^dSfflV^jtt 

[0 10 3] mi 1 lc;^-t-j; 9 ^ s/7'=¥-^ y T 2 0 

[0 10 41 :l<ox^\^. '^-y-f^'r^yr 

N) >i:ifc*>5. ^s'::/=¥Yy T2 0te:-fev5 y^J^o 
tWSr^ffl-rSi:. ^s'7*^^yT2 0*s«J!l3R©<>© 

[0 10 51 U*^L3fe;iS6>, /^>'y/<>':/4 4^*ft/^ 
t d»o«flge 4 6 i:m^-ri r i i , 

5. tv^5^*f4. mi itct^^tu-Ci/^Si^J-^lt 

[01061 :|trj!§€ 4 6 fc-^^rs-ars y -r 

^iSx.tfS'fkT/V'S^'J'i^ (A IN, ^B^5&»l^a = 2. 
9ppm/"C) S^t:r/W5::^^'ASr7-r 7— 

fc 1 1 , <»Hg<Df?!il!^ggfi^»a 4 0 p p m/TCWTJw-f- 

[0 10 71 g'fl:T/l'5=5'-fc.©^'fi-»dS7 5 

wt. %eA±-efc5i, 

[01081 ttis^ rnxsm 4 6 (o-i-^^^fijjctt, tk y 



[0 10 91 ^lClf7i=->'V^i»))g»4, *:J>©PiiS?)S 
{f^^j:<, ^.y^lOi:, ^ jx r^^r ^ y T 2 0 <05^ y T'S 

[Oliol :i<DJ;5 1 (DmM<Dmm^^^ ^-''^ 

4 4Sr*a/N>'^^-C«t^i-5ri:JcJ;«), f^yT'lOt 

10 ^s/r:^^-vyT2 0tS:{£i&-C'Si^-e#5 title, 

10 1 1 11 *:fc, '^'yy^ 1 0 b'^yy^^ V T 2 0 t 

[0 1 1 21 mi 2(4, 'mi(Dmm(Dmm^^^^^—'^ 
20 4^«i^^ufc»fffimT'*)5, 

1 0 1 1 3 1 m 1 2 tcS^-f-J; 5 1-, ^1 <o%1&(r>mi^\^ 
f^^ifs-iv^ y 2/ KT l^-r ScDi)£^^{*:§Sfi 15 0 tf (4, 

me4 0 SrIlliStS 2 0 0 WS^i^JS-?- 2 0 2 tr, /^V 
^y 7n-i£SrffiVNTg!)^-f-5t#, rne>m@4 0t 
lll«/i*A^>>'^t?^ji-5^mtt«i^fl^4 4*5:^#r < 

^•3, 4>-5VM4'?-.y7'l 0*5^s':/^-lr y T2 0*»b«l 
30 [0 1141 j^tc, ro^?^co^i<Dll:teoj^liiw#,s 

[0 1 1 51 mi 3~0i 8(4-?-n-e*H, :i<D%^<om 
1 (Dmm<DmWt\z^?>^-/^i^v -y h'TU4m<D^^^t$■ 

[0 1 1 61 mi 3 JC^-f J: P f-, '^-y'T'l 0(D^^]} 

5. ikt-, *S/^>'^^/'5V7'i 8<0S®^c:77■y^:^5: 
©R5 00 2, =ftt^JSX|i©7 2 0 OA, 03|S/^>'y 
^J-i: i-S^^'-^ci -^^-^co 7 7 y ^ ^^5^-^ r i: -45 
[0 1171 r©7 7S'i?;^Sra*XSl4, 

so 8Sri*4^tJii-5, 8=S:3*4*iJci-5w 
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[0 1181 01 4fc^-f ^^I^Jr^tt^ 

*fi/^>'^^<V7'l 8(7?^tE{-, 7 ^ ^ ;^ SrS^i" 

^-CfeSo :^(r>y'7 y ^ Mz\it^ ±5E<^)R5 0 0 2. 7 
200A. ^tTy^'^R. fo5i''>H0*T-'V'7r;^^''i' 
X(^R 5 0 0 3 Sr. S4^T 5 mS"!^. V r^n tVVT 

lo 1 1 91 JSfclc, Ell 5{;i^-r<t ^s'7'=^-y y 

y^2 8«r?l^^-f-5. J^clc, *S/>i^^^^<v:r2 8<D*S 
y^i'/'^VT'l 8 tlRHt. R 5 0 O 2. 7 2 00A. 7 f 

[01201 jS*3. r<07y s'^^S:a*XSt>*fc. 

7' 2 8 ^^m^-r^. *^/N>'y/<>'7'2 a sris^^tci- 

[01211 mi 5tc*i- J:5t-. 5"s':^i 0 

mt^Mf^^"^. ^s^N^'y/^vT'i 8 t*s/>>'^>'< 
[01221 016 iw^-r J; 5 jc, ^^/N^-^^/-? 

i^:/l 8 i:*^&/^>'^''/^>'y2 8 tSrSvMcSgttS-e: 
Otcj:!?. -^-s/:/! 0;iiS^y7'=¥-r y T2 Ofd-Kitfe^ 
t^y>^=2*^^yT2 OirSrJRj^UT, y^n-fflwJFO 

vy/^vy 2 8 5r^:tv^*ii^d»b. ^m«i^<*4 4 S: 

5 1 8 3^ii^h. UU(Ofl^m&tmmiit^^lM.Lit2 
5 5'c*•c<o^ffl^c^^^^^5cD*s^^^ y^n 

^4 4Sr?Kfig-r5wi:;6St?tS<, y 7D-^F^(i. StS 
©5»fRii4tc:^>J;5;i)5. mi^2 0^mm-^-V^^-riZt 
*s^l8-C*>i. ^^(-s e's 0Sr«^L-CV>fc7 7S'^';:^ 

iSSj^x «itf'ry7'ofyUT>'i^3-/v, EC- 
7. 4^:147^ ^'/'JrTJSj if S:ffll'^-Ci**-r5. 



(9) 

[0 12 31 ?>:tw, 01 7 tc^-f-J: 5 ic, 'f-yfi ok 
f-y:f^^VT2 0t<Dm<O^mz. 0lJ^«±xELfcJK 

mm^mit^'^iitcMc^ ^jx«sii*si o o'ctc^je 
[0 12 41 01 8ic^-rj:5t-> ^s/7'=¥-^y 

T2 0W||^B{B!H-?i^fiK$ttTt^5^^y ^>'l'M3 6 
10 /N>'^>'/<i'7'4 0S:?^J5fci-5c *fi/>>'^^/^>'7°4 0 

EDBij^tufc^ y— -6>^>>'ysry 7a— L. mm^-f- 
[01251 rro J; 5 Ji^jt^ife-eSja i: . mm,<^mm 

^4 4Sr^§T. $?5l::»tflgS4 e^SrJi^^Lfc^. :^1-^fi5^ 

#mttSigE<^£4 4 -SrJ^J^-t-S t^<r)m^. 
>'7'4 0SrS«t5wi:*5'feV\ Z(Dkli>. ^^y^i^^''^ 
vy4 o^is^ltT. -^(Oj^*5<-f*vfc<J. fcSt^fi^a 
20 /N>'^^/<>'7'4 0 if 9 Lii^fl&VX L.^ 0 :i tt)^^i\'\ 

[0 12 61 m<o9im:)fm^-^^^mm-r^. 

[01271 019 ~0 2 3 ii^ixi'iri. fS 1 <^MM<r) 

[01281 019, 020 Id^-f- i 5 t-x 01 

3.014 Sr#RS L-CgiPJ Lfcds-o-C, 
®*^/^vy/^>7'l 8tr?K^b. J^i^-fbSttfe^a^^ 

/<C5 i 5 Pjttfc. ±j£<DR 5002, R500 

3. 7 2 0 0A, v^°yi'^Ri-'0^£iyyyi^^<oM 
5 0 im^-tio 

[01291 021 »C^-r J; 5 015 Sr#fiP. 

LTfjiBJLfc^ifetcL^iS-p-C, ^y::^=3r^yT2 0© 
^ ■:^mmmm trj^j^$ix-CV^5/-«yTp<^^V'S26± 
ic, ]*:|ft«D*fi/N>'^^/<:^^2 8S:«J^i-5o ^ fet-, 
01 7Sr#fi8LT^BJUfc*fe}cLfc*So-C, ^yT":^ 
^ y T 2 0<D|^^Bfi!l^-?^^^i^TV^5/^y T;?' ^5'/^® 
40 3 6 ±iz^Vta:)^^^^>'^y<:^-:f4 o Sr?^fiKi-5. 

[0 13 01 $e>l-, 02 l»w^-f J:5I-, f-y-fl O 
0=¥-¥yTlii^Ei:, ^S'T'^-V y T2 ow^-;/:;^^^ 
ffii:Sr>itlPl$li-, *^/»'^^/<:^-7'l 8 i:**/^^'^^-'^ 

[01311 i^ttw, 022 t::;T^-r J: 5 016 
LTtJiMLyt:J^ifefcufc;65or. *^/^>'^^/<;/7'l 8 
^:*S''^vy/<i^7'2 8 i:Sr5:i/>tcg!)tt$-fr, 
Sr2 2 0'C, y 7D— ^|igSr*^2S>i: LT> ^^-'^V^^ 
1 %%SiXS-ifiSk^^>'^f^^^-f2 8 Sr-5:H-e*ix^*» 
so «mttS!lK«^4 4 SrJ^fiJc-f-So € 5 0 Srfl! 
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T/Va— EC-7, S^fiT^^y-JrTJSifSrfflt^T 
[0132] El 2 3 fC;^-f J; 5 Ic, El 1 7 Sr#^, 

Y y T 2 0 i: ©rawsrat-, cai;tff±j^ l^jk y 5 k 

[0 13 3] rwSJ5g:^feW#^S:^i^-r-5<!:, V^y 

>'7'4 OSr<-ft-ri:JS<. *S/^>'^^/^>'7'l 8. 2 

[0 1 3 41 ^ft^Ni'^^tt. 7 7 s'^;^*5^-r^:it-c 

i'7.Kmi^X\>^i^^y->'^''<>-fl 8^ 28 t. 77 

>y:J';^*5M*$tvT^->/iV^#S>'^>'y/^i^7'4 Ot\cm 
i:fiSr4-;t5i> *S/NV^^/^>'y4 0*s^^^cc>fl^?ritt 
^tUiK«tT 1/^5 rat-, 8, 2 8© 

Ufc>6So-C, *a/>>-i?'^<>':/4 0©Ji?^<-r-i-:ii:''j: 
<. #mi*t^i^fls4 4SrJi^^t-5wi:*5-l?#5, 
[0 13 51 r©J:5'fe«jt:ferife©fiJ^tt, -^-s/:/! o 

ih^in-ric^y^^ ^'yzfio<Dmmmkmm-cti>zt 

[01361 Q<r>W^m.kWt$L-Q^^h. f-y 

m 0©ijt^t*:S«©rt?U(cfl^^$ixfciJl£i!tS©:/n7 

[0 13 71 Ufc^SoT, 01 9~I2I2 3Sr#RSUTttt 
[0 13 81 r©«W©ll2©|l3(fi©J^|gtc^5 

[0 13 91 ^<Dm2<omm(oi&m^^?>^--j^^D y 

t-t--5t©-CfcS. flfe©S0*»4, ^l-SSffi^ 
i:''i5ijtB/0:/4 0;dS^g^/£v%j;5{c:-t-5ri:T?fc 

[0 14 01 r©^2©iiJfe©?Kfi-e(4, -t(c©«flg« 
^SiDSL. r©-tJc©«t)ii«f-, mt::f^s'7'=^-vyT2 
0i:/jiSSS:$^^«^^^U, /^>'^^/<i^7•2 8*5j:a54 
©©Jgfifeiet^s'T'l 0©gJiBgxai:iS:, «»:©3IS 



(10) 

[01411 0 2 4 Z<0^m<DfH 2 ©|llfe©lJffi»C 

#5JK-/V^y 5/ KT WM©*^i*iSSSr^-t-|2|-C, 

(a) mnmmmi^hM.tzL^^mm. (b) iin± (a) in 

[0142] 024 fc^-f-j; 5 —iSc<omm^<omm 
meoi^h'o. :i©<»m«6 0(±. ^s/^^^yT2 0 

10 eojctt. f^s'Z^'df^y T©«I?)fMILSr«^l-i-5:ft:«) 
©^^fffiJte 2;ei5. ^r^ yT^3^^a52 0 '©4-r)©:l|Sr 

e^v^fct r^^;I^^•te>^^T^^5. ^f-iry t^5£^w2 o ' 

«J?)Sft$ix5wttrj;oT, #'9^s'7'^-y y T 2 0 
[0 14 3] ^fc, ^»j|g«6 otc{±, m;^f.S:-c^©SJ«) 
365»jtt,n55'-y i^^^jft-zv'e 4*s, «j!i*E6o©ft 

20 14, asiiJcffl ^^ fetus ^»t-C/j:<, Mx.««]er«^S!© 
'&M.-^iy±. *iJ:TJ5x^ h;B-:^^'©tee-&t)-*/j:i?tc:'t 

[0 144] ^fc, r©B2©^J£©f^ffifC'ff.S^fi-e 

/v/i-T"— 7'-e»4jfc<, *>5e«©J?*SrWbTV^T, 7 

^>©i:LTI.^5o r©J;5'tcMfll«6 OW^ff^LUl^tt 
KSrfiJffl r ©H 2 ©|IJS©?^«|-C(4, ^»JiM« 6 0 © 

[0 14 5] /i*5, y\^^\/-:f)vmwr>}L\z.'f7. vm%. 
@4r^Lfc3SStt, «SJ^tf<^45t¥6 - 1 0 3 7 0 4-§-;^£ 

[0 14 6] hffljS^7 or4> ^^yT^S$B2 0 

' rtCigaa^tt. :^r-^y T^;ta52 0 ' Sr^9 5g:i:i- 
^t)^i: Lfc^©^^-m-C't>, f's'7'1 0©f IC?^ 

$?j{C7^^ hfflSS^70tt, »f)!gS46i::J:9S 

[0 14 7] B12 5tt, Z.(DW^<D%2<r>%^<om&\^ 
-fiiS/K-zi'^^y y KT WM©i|^««^««S:, «ig«6 

Q-h^h^n\^fz.'im^k7h-tmx. (a) mi*, ^s/y*^ 

«ffi*^feEfcTffil21, (b) mk-t (a) Hd-fef^y^Sr 
St fj ei^i, i # © Vffiig-t-fcS, 
[0 148] 02 5 (a) fciW? (b) IC^i" J; 5 tJl, 
60 dr-vy7'if^^ei52 0 'ijs, «fli«6 0*>fe5)-SISix;ft: 
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[0 14 9] 1212 5 (a) fciU^ (b) #fi8 

y'y^:^-Qh?)o -f V-t* ^' :^ 6 6 (DJ^tt. E12 5 
(a) fcit^ (b) J:5'i:Bg:ft?^C){ffe. EI2 

6 (a) lc^-rJ:5^in3aiW-«J9ftA>HfcJ^^> 0 2 
6 (b) lC^i-±5!&?LT?feo^*) L-Ct^V^o 
(0 150] Ci©J:5Ji:^2©|IJ6wj^ffiJcfii5^i*: 

5, ^1-la5SiS^i:Ji5/^v^^/<i^7'4 0tttgiJ 

tc, x;^ HfflSffi^7 0Sr^»t5<t5lci-ttfi> -r;^ 

0l^«i^1--5fc»cDx;^ ^«■^«i^Sig^^> 

(01511 ofi. mm^mmw- 

OtCDv?s/iJ'^©*«|118SS:«IBUfci:#»::tt. f-^y^ 

1 od^fc§itm-rmM<^^-^s' m;55 2oo®aic/<c^o 

(0 15 21 -tr-e, '^•s'7'1 Olc:ni?s'^'^©^|lI 
HXV^-S, J TAG (Joint Test Action Group ) 

(0 15 31 ;^j:Jb\ roSB2©|ll6©J^fl§te:'eR5i|£»«!: 

mm\ai. ^y7'=^f-Y y T2 QIC, a;;^ l>*5{g:<, 

yT2 0fc, -fey 5 s/^5^03t,<OSr^fflb^t^lwtt, 
(01541 $ e>tr, ^»j||!E6 0 «I»ffflifea!T?5&S 

6 'bJl^fiKLJ?'i-V\ L*»t.. ^Vy^s/^'^e 6(4. 
«J»r^^S!t-. 02 5 (a) t3j;U5 (b) fc*-reg:ft?K 

02 6 (a) Jr^-fniH, fcSV^«:02 6 (b) \Z. 
^■t-?LlcjS;i:.fcSS:S?»t5r.i:-e, =¥-^r y Ti^^aJ2 0 

5o t*>6A/0 2 5~0 2 6{C:^i-?l^®<fe(Ct. 

(0 1 5 51 mmsL^oii^hn^'f^}T=f^2 



(11) 

[0 15 6] 7«-*(ayT'«]!9fii-t#COflJ,'^ttt. ^— tf 

[0 15 71 */c. 3— 1f{B!l-C^!?«t-r<t^<^?lJ/^(4. 

(0 15 81 -rVT^s'^'^^e 6(0?^S:, 3.—- !f 

f4?^fc|g^ 5 r i: Pllg-C*> 5o 

[0 15 91 js>:tc, r<D^?^(^^2©|lifeojp^ffitc:^^2) 

(0 16 01 02 7»4. ®l©7';^;?S:«lll&Wfc*t.:^ 

[0 1 6 1 1 0 2 7»C.T^-rJ; x;^ hv^i/7 2d5$> 

20 tj, CWt^;^ hv?i/7 2fcH4, ^2<0|llS(DJi^ffitC'»5 

i|^3s*iE^e 16 0 *s^¥A$^^5^fA^L 7 4 *5s:»t e>nT 

[0 16 2] if3S{*^g«l 6 Ofl, 7-7. Vfm=f-1 0:SS 
?^fife$HTV^5^s/7'l 0©»«ffi*>e>^A7L7 4»c# 

h^7 6trg^(5*$H5. r®^, x;:^ Hft-i-Sr, y-Jr 
y hmi^7 6Sr^L-C^s'>^l 0(::Wifeb. '^^'jxT'l 0 

6 OSrlt«3m-t-o 

(0 16 31 reOjip^x^^fJ'-efcSt. i|£^«{*f^ei 
6 0 Sr, ^"Sl^W^m. 1 6 0 s/ 7" 1 0 ©^^ffiSrTtc 
Lfc^^tffiT?, lfA?L7 4»r, 0ij;t»mi Uiitfi 
x;^ hffliffi^7 0i:, #A7L7 4©jiclfBt;i^i^e>nfcy 

'&5^^i^iJ^/^V:^4 OJctt. y-j^y Hm@7 6fcJt-e!ic 
<. -r^ hi^i/7 2t>g^«4i-5rtis/j:<. 
7' 4 0 *s^So < pitgttds/jx $ V ^ 
« (01641028 H, ^ 2<07-y^ 9 S:itBS6<J»C^ Lfc 

»fDB0-e*>5, 

[0 1 651 028 ici^i- J; 5 tC. h 7 2 ' 
r*???";^ hv?^7 2 ' (Cli. ^2«IIJSO?K^Jw 
«g5ij£.^«c^ei 6 0*S«ia$n5«a7L7 5iSS:«tfe 
tt-CVN^o «S?L7 5(4, ij^^ft:iSS 1 6 0 <Oii:(OaJ5)- 
O^Sr^^t-r5SV^?L7 5 a i:. ^j^^flJ^g 1 6 0 
>'yy?>':/4 0;6S-r;^ Kv^:/7 2 ' \z.Wk\.f£\'^i~b\:. 
i-5fc.»©aiV^fl,7 5 b i:*»e>'^*o-CV^5o 

(0 16 61 y'^-y h?|;M7 6 ' tt. {?'Jx:f^JiT:^t6]'^ 

so ©^Kds^iB^^j: J: o S i^T*^ 9 . ^^W^W. i 6 
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[0 16 71 rtDJ: 5'^ix;^^T?t>, /^>'y^^>'7'4 0 

7L7 5b?lr^UTV^5r^:^cJ;!3, E12 7Jc^Lfcx>^ 
y^s/ hm®7 6 '*3j;t;5x><. hi^^7 2 ' 

5o «t-oT> /'>>'^^^'«:^r4 OSr4So#|l<-t-5:::i:*s 

[0 16 8] 1212 9(i. ||3©x;^^Sr«tliS6<)tw^L;fc 

[0169] 029 tc^i" i 5 EI^^Sa-T^:^ h 
»c:Si^$tv-cv^S>^n-7'7 7:i5fc5o :L<r>-:fu—fi 
7H. ||2ro^l£(OJi^«(c#Sij^^^f*ig«i aojcxTi 
h«^^^i^-r5 1 1 tfc. 1 6 0 iSrS:it-r 

5. 7'D-^7 7I4, ^«{*:^gl 6 0Sr^it-f-5fc«) 

fC, T^x hffliSS^F7 0lC«te§n. A^o^ii^^^t^igS 1 6 
0^^it-r'5$feffimi^^*-b«7£rogB^>tC[6]*^oT:fc< $ 

[0 17 0] r(Dj;5>^ix;^i5'-Cfi. ij^^^^iSSl 6 0 
STv if^«c^ei 6 crops' T'l 0(7)»«feffiSrTlcbfc 
^ffi-e, 7^;^ hffiffl^7 0$::;^n--y7 7(cHSM$-li-5 
tl^^l;!. i|^#fls3SS 1 6 0 Sr^^f -rSo rofc*. ^ 
^EBiS^^t^c5-'^>'y^^>':/4 0*^ >^o— :/7 7-^. IS 
^iHirJJif^;^ h-:^^^t::g^(!*-t-5r i:*s/j:<, mi. %2.<r> 

[0171] iSctc, r©l8K©m3<D|ll6©?^jilc#5 

jK-zw^'y y KT ws!®i^^flEge^;lov^T^iw■t- 
[0172] w on 3 5 Ji y 

[0 1 7 3] l§|3 ott, :icD^Kom3<^)||J£co?^^lJ: 
«ffi*^?5afc¥ffil2l. (b) HHt (a) mt^h^-y:f^ 

[01741030 (a) iSXXT (b) tC^-fJ; 

0iJ;ttf02 5 (a) , (b) tc^Ufc 



(12) 
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[0 17 51 Z<D%m<Of^4(DmM(01f^Wii^^?) 
[0176ll2131f±, r (D^m<DM 4 ©UlSWJf^liJ- 

10 5o 

[0 1 7 7] ma i{:i^-ri9}-^ T';^ hmi^^? o 
f±> 4 6 <D^f\-mKr^^ L^£<xh. mmm 4 a <d 

*)5t^(l«ligS4efwJ;o-c«lt«$n5J:5J-b 
fi, «iliS4 6Srfl^fiK-t-5Bufctf<?n?)<. ^LT, t":^ 
m%m4<6-k.. ^^J!i«6 0{c:SS#*i:«)bHTV^5 

[0 17 8] jjcfc, r(D^pjtc:«5Jj?--'Vi5^y y vru 
[0 17 9] lB2(0|llSoJl^^S■eaM$^^. ||2~m4 

zfxj-^b <Dmnm^0i < o -c < 5, 

[0 1 8 01 U*>U. «flt«6 0Sr^?I^Ull< 

<»J!i«6 0®J¥;^SrJP< LTVKi:. ^-^tt. ^ 

■YyT^^^2o ' ^mf^iR& oi)>ib^'om-ttL^<Dm 

»f!65jib<Jio-C<5o 
[0 1 8 1 1 :itu*»f,Iftl3$H5«flg«©±5l'iBe^» 

00, iif ^ y Ti^;g«iJ 2 0 ' ^mmm a o 9 st-r 
%2--f^4(Dnm(owm\^m^^--f^^') v ktu-tm 

[01821 032 tt. i^l (Dl»/l§iKSr^i-^«0-CS) 

[0 18 3] 0 3 2>C^-f-J:5{C, ^»fSrS#l-i-5fc 
fete, Jp;i^*S0. 6ram~0. 9 mmmSi-K^^^tl-fc 
«J!g456 0 a ^»r*S^^fc*5«fli«6 0 a <0 

60 ©;WJ!it?tt. n^l^Q. 6mm~0. 9mmgafA5M* 
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z<r>m-Q\±. mmmB o a M^-^^i^i^h u 

[0 18 4J r.©J:5'il»flM*E6 0 a-ett, StOStl/^^ 

fli«6 0 a^r«^L.-CI/^5, ::<Dt?ijT't±, Mg^MS 0- 

[0 18 5] 7^;^ Ott, 8 0-lcD±^ 

[0 18 6] rcDipj'iWflitSe 0 aT-fcSi:. 
6 0a (Di^tCfSoT. 8 0-1. 8 0-2;SS^^^^'^^ 

ff^^^H-Ct^^r ttCi-oT. «flg« 6 0 a Sri£?^ m 

[0 18 7] i,i}^h. ^■YVT^^n2 0 ' ^mh^^e 

m\z»mti:mhm e O a -Sr#5 :i i: 5, 
101881 Bl33tt, ^2 <Dl»J!g«Sr^-f ^|2n?fe 
5. 

[0 18 9] ^l«)«fl|«6 O aT?tt. 7^^ hffliS^7 
0;iS, '5=-s'^l 0dSi$o4-o©jacD5*><02o©iatc:M 

tt. ^s/7'1 0iiSj^o4o(Dja<DikT(c*rjES:$*T?^iBK 

[01901 El 3 3 tCS^-f- i 5 iC, - CDH 2 (D^flg^-C 
tt. ff^O. 6mmT?, auK^^fi/J^cOl^Jli^e 0 b©^ 
»f@B»T6 8(DJ1HS:H^■C. 'Tiy-fW^mKMrnUB 2 
-iSr. llg®tw«5S«-8 2-2i&'5:ttm?i^/*L. ^»JlgtR 
6 0$rM3ibTV^-5o :iO01jT?fi, ^f3fiW8 0-U 8 0 
-2Sr^-tu-eH. ff:;5(^*Sl. 2mmT?3^Ji?:3E^i^^(^><»flg-C 

[01911 T:^ hfflffi^ 7 0 fi. ^1 W||Jfe<D?|^^i: 

mm. ttsitts o-i<^±^-t?§i#ai$tb. 

[0 19 21 :i©J:5''i«J)i«6 0b-efcoTt>iEJI^L 
[01931 034 tt, 113 <Ofl»J!g«Sr^-f ^Sia-e*> 

5, 
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[01941 ^1 <7)^»/lt«6 0 a t?tt«!S«-8 0-U 8 

0-2;65-?:tt^ix, ^J)g«6 0 a i:— ft:fc?^^$tt. P]« 
^ 2 6 0b X\tWM^ 8 2-1. 8 2 -2*5^ 

[01951 ::oJ;5 tc«3a«-tt«fi!g« i: -mz.W^^ $ 

«tflg«6 0 c-T?tt. M3SW8 4-1. 8 4-2Sr. tttfli*g6 
0cfC*iUigft|c:?i^^b-CL^5o «3iitt-8 4-l. 84-2 

tt^-tv^H, fsi. m2 <om]im<o t^t mmi^. 

[0 19 61 (§13 4(C;^-t-J;5tc:. «3S*t8 4-1. 8 4 
-2H. t*;^i:y s'v'-Y. fc-Si/^iJK/V'Hi-i-s' h©J: 5 
^iJh»A8 6-1, 8 6-2Sr<seffl bT, «J!§«6 0 c tcijh 
*?)bH-CV^5o ±«)*8 6-1. 8 6-2li. ^tJ!g«6 0 c 
©^y— y V^Jt>-/P6 4S:ifM^T. «fll«6 0cSr. M 
mtS 4-1 1 8 4-2tJ:iio-C*l5^jitf, 

[0 19 71 «^«-8 4-ltt, «J!I«6 0 c©± 

■CRiSn-CU^5o r.«>fcfc. «3ft«-8 4-l(^. f^;^ h 

fflS{g^7 0tc*rfS-f-5a5^>j^»±, x;^^©y'^s'h« 

*fcfi:7'D-:/5r7^;^ hffliiS^7 Ofc^ftfeTtSJ; 
plc. T-;^ ^ffl^ffi^^7 0Sr«3ttt8 4-i*^feetti$-er5 

fcit)©,^8 8*SS«t^iXTV^5o 
[0 19 81 :i(Dj;5''i«J!l«6 0 c-Ct7">^ hfflig^F- 

mfdme o*»fe«j«3fiH-fcfe©«ja?fSr^^-e#5o 

[01991 

[|g|5i(0ffi¥/i:i;i^l 

[011 mn-tz(omM<Dmi<^nt&<Dmt^iz^i:^~ 

[021 (2I2HS n-P b^-^^OH^^Ho 

[12131 03«:|gnc:^-t-i|^»«t«aiHjK^s':^S:*i- 

lat?. (a) (gtt=3E-Y y TSiggcsospB®. (b) 

(a) |g|(Ob-bi^(w^ii^^S0<, 
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[04] ia4»iianc^i-^s':/^^yTSr^-t-Bi-e. 
(a) mi.'f-yf^mM<r>n-\&m. (b) m\-m^m<r> 

¥ffilll. (c) m-t (a) 0*5J;t;« (b) El^froc-c 

[051 |iI5ttC4ft$S(DA§}6<)'^j:fi»IS:Si?^-f-5fc«><D 
St?, (a) ia*sj;tJ5 (b) 0tt-tn-?:*ngfiKxmflUi 

[1216] |l|6ttC4a*Scomofi»jSrtftM-t-5fc«)<Dia 

-e. (a) mtsitj? (b) latt^tu^Ji'Sii^ieiisi-^ 

[0 7] lll7f4C4S^co0iJrc)MSrIjiBJ-t-?,fcfccD|gl 
■C. (a) Bl*3j;Uf (b) EKi-tixmeEigcXSfllli^ 

[0 8] 0 8(4rco%BJO||l 

«)CO0-C. (a) 0*Jj;tJJ (b) 0»4^tV^*iT^^Xg 

[09] 09»±«ligSfcffli,^P,ti,fc«ili©1#i4Sr^-r 

0. 

[010] 01 O^4taSi:/^>'7•w5^^:<DM'^Sr^5:-r 
0. 

[01 1] 01 l^±>'<^•7'cDSi?^^:TCT•^^-<^'/^i:<0 

ll#Sr*-t-0. 

[012] 01 2n^<D^m<omi<^MM(Dj^w^^i 

[013] 01 3i-iiZ<D^m<Df^i<omMoyi^MK^^ 

-®!jexa{e:jolt5»fffi0o 
[014] 01 4ii:L(Dmm(oM 1 (r>mM(^J^WiK^^ 

^s<o, -«tjgxe»c*5tt5»fffi0o 
[01 5] 01 5t±rro%eqoBi<oiiJ£<Dj^lSJcfii^ 

^tl©. -|!i3tXajCjbMtS»fffi0. 
[01 6] 01 6f^:i(D|g|Q<73||l(0|ll&(Dj|^|g(r^5 

iSBro, -8S)gxsti*jJt5»fB0o 
[017] 01 7 f4:i ©^1^(73^10 jll£<D?i^Ji»;i^4 
^11©. -M3ixslc:*iit5»fB0, 

[018] 018 (±^(D%i^<9ig 1 <Dmm<ommK^^ 
mm<o. -iajtxsjc*iit5»f®0o 

[019] 01 9J4r(^)^PJ©mi<0|ll6(D?^«g(;i#5 

3sii<o. -Sijtxmic*j»t2)»fffi0, 

[020] 020 ^'tZ<D^V^<Of(i 1 

ga©s -i!i3txmjc:fcit5»faD0. 
[02 1] 02 n±:i<D^m(Df^ 1 <omm<omWii^^i 
mm.<o, -ssi3gxsic*itt2.»fffi0, 

[02 2] 02 2i-iiZ<0^^<Dmi<DmM<Dj^Wi\^^^ 
[023] 023 J4:i<D|gBjO^ 1 ©|ll£<0?^flgjc:«^5 
[02 4] 02 4(4;i<D%8l(0^2(0|ll&CD7l^^iC#S 
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xK-zv^^y 5, KTU'rS!©i|t^«:^BSrS^-r0-C. 

(a) 0tt^§gE;i^b^fc¥B50, (b) 014 (a) 0 
1'Ob-bi^tr?S5»fffi0o 

[02 5] 02 5j4r0^iq©||2©5tiS<DJKSt-'^5 

BiLfc^li^^-r0-e. (a) 0(4^2/ 

fc5Fffi0. (b) 0J4 (a) 0d»bf^y7'$r©«)6^l^^ 

[02 6] 02 6f4-i'>'xs'^;^<D?l0S:^-t-0-e, 

10 (a) 0»4n3!ii4^cD>ri^'r s'^;^sr*-r0, (b) 0f4 

?L4^t<D-Y vfs/ ;^ S:^^0„ 
[1212 7] 02 7J4^1©7';^i?Sr«tllS«)JC;^Ufc»rE 

0o 

[02 8] 02 8f4^2 0v^;^j?Sr«t«S6<)»c^Lfe»rB 

0o 

[029] 0 2 9 J4^ 3 ©x;^ Sr«iB&W»-^ bfc»fffi 
0. 

(II13 0] 03 0f4r<D^PJ<D|S3<omfe<O?|^ffi{c:#5 

20 fSU;t4^t^5r^-r0-e, (a) 0f4f=--;/:^««ffiA-ba 
^t5pffi0, (b) 0J4 (a) 0*»b^y:^Sr©*)K^V''fc 

i: t(D^ffi0„ 

[03 1] 0 3 1 f4r.<o%?g<D^4©||JS©Jl^lSfc:'^5 

jjf_^w^y y FT ^'fM»il^^^#:iS«©Bfffi0. 
[032] 0 3 2 (4|g 1 (OmBXELkTM-i^^. 
[033] 0 3 3 f4|| 2 (O«tJ!g«?r^-r^^0c 
[034] 0 3 4 »4m 3 <O«J!i«Sr^-r^m0o 
[035] 0 3 5 14, ^JlS^JJC-zi'^y V KT W'I'M© 

^^{4c^S(O»rS0. 
30 [03 6] 03 6 J4. S n - P b ^-a-^W^^tlgSo 

[03 7] 03 7»4. t*5l5<OjK-/W^y y KTU'TS® 

^^l*:$?1SSr, |l^|HlBSS«JC|iaii-5XSSr^i-Wfffi 

0. 

1 0-¥j^{**«lHlK^3'r, 12-/-?s'K 14--V' 

y =" >'®8'fk)e, \^ "/'^^)Ti-9>^m. i s 

2 0-'?^i/7'=^r^yT, 2 2-^y:7°^)^ffl/-?S/ 
K, 2 6— /;<yT;^^/l'®, 2 8 "/^>'^^/^>'A 3 0 
-df^yTrtSSlftS, 3 2-ll^lHlKSffiSi^/^y 
40 K. 3 6" >'^yT;?'^'/V'S, 4 0 44 

m. eo-mhm. 6 2-m\simm. 6 4-5'-yvi/ 

/f:— /K 6 6 "'l' Vt's/^^, 7 O - t";^ hffiSg^, 7 
2-x;^hv7^', 7 4 "#A?L, 7 5 "«S7L, 7 6- 
y^ryhmM. 7 7-yx3~y^ 8 0-1. 8 0-2 -«!S 

8 2-1, 8 2-2-M^Wx 8 4-K 8 4-2-4f^ 

8 6-1, 8 6-2- -itii)*, 8 8 "^ 
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